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PREFACE 
TO THE FOURTH EDITION 


This, the fourth edition of ‘‘Foundry Work,” was pre- 
pared in order to include new exercises in both bench and 
floor molding, a discussion of the causes of defective cast- 
ings, and also suggestions for safety measures in foundries. 

This edition is offered in seven parts covering: (1) the 
different groups of cast metals, tools, flasks, molding sand, 
and fundamental principles of molding; (2) exercises in 
bench and floor molding; (3) pattern equipment, standard 
pattern colors, designing castings, molding machinery, and 
molding methods used in mass-production foundries; (4) 
dry-sand coremaking and coremaking exercises; (5) cupola 
practice, mixing of metals, cleaning and grinding of castings; 
(6) non-ferrous metal founding; (7) problems of foundry 
management, defects in castings, their causes and preven- 
tion, and safety measures in foundries. 

A glossary of foundry terms, special tables, and a list 
of foundry books for general reading appear at the end of 
the book. 

The author is indebted to many students for making 
drawings and to the following manufacturers for many of 
the illustrations used: The American Foundry Equipment 
Company, Mishawaka, Ind.; The Beardsley and Piper 
Company, Chicago, Ill.; The Osborn Manufacturing Com- 
pany, Cleveland, Ohio; the Detroit Electric Furnace 
Co., Detroit, Mich.; The Riehlé Testing-machine Divi- 
sion, American Machine and Metals, Incorporated, East 
Moline, Ill.; J. W. Paxson Company, Philadelphia, Pa.; 
Whiting Corporation, Harvey, Ill.; The Adams Company, 
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Dubuque, Iowa; The National Engineering Company, 
Chicago, Ill.; Henry Pridmore Molding-machine Com- 
pany, Chicago Ill.; Areade Molding-machine Company, 
Freeport, Ill.; The Universal Winding Machine Company, 
Providence, R.I.; The Link-Belt Company, Chicago, IIL; 
American Optical Co., Chicago, Ill. 


R. E. Wenpt. 
West Larayerre, INp., 
April, 1942. 


PREFACE 
TO THE FIRST EDITION 


In preparing this book, it has been the author’s aim to 
provide a suitable text for schools and colleges and for 
use by apprentices in commercial shops. It is elementary 
to the extent that the student can grasp the fundamental 
principles of foundry work, yet deep enough to give a 
general working knowledge of foundry practice. 

The book consists of three parts. The first will enable 
(he student to secure a general knowledge of foundry work, 
of the sizes and types of blast furnaces, and of the making 
of pig iron. 

The second provides instructions for practice in molding, 
coremaking, and other parts of foundry work. 

The third part is devoted to the mixing and melting of 
metals. 

The material contained in this volume was obtained as 
« direct result of the author’s experience in ‘teaching 
apprentices in commercial shops and engineering students 
at Purdue University. The information on making coke, 
mining iron ore, operating blast furnaces, and chemical 
analysis of iron has been inserted to round out the volume 
and represents good commercial practice. 

For many of the drawings the author is indebted to 


students taking foundry work under him, and for other 


illustrations to foundry supply firms. 
R. E. Wenpt. 


West Larayerre, INb. 
June, 1923. 
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CHAPTER I 
THE FOUNDRY PRODUCT 


Castings are the products of foundries, and they are used 
iii many lines of manufacture and engineering. In fact, if it 
were not for castings, we should not enjoy our modern civi- 
livation, Castings are used in building engines, automobiles 
wid airplanes, and many different types of machinery. 

Castings are divided into six general classes known com- 
inercially as common gray cast iron, alloy gray cast iron, 
iiulleable cast iron, common steel, alloy steel, and the non- 
ferrous metal castings. Many foundries specialize and 
‘nuke only one class of castings; a few make two classes, but 
« foundry that makes all six classes is seldom found. 

‘lo produce castings made from the different metals 
requires different types of melting furnaces. The cupola 
furnace is usually used for melting gray iron. The air, 
cupola, and electric furnaces all are used to melt the metal 
lor making malleable iron castings. For melting steel, the 
open-hearth, crucible, or electric furnace is used. The non- 
lerrous metals are generally melted in the crucible, non- 
crucible, and electric furnaces. 

‘The fuels mostly used for melting metals are coke, coal, 
vil, gas, and electricity. 

Besides the different types of furnaces, different kinds of 
nolding sand are also required for making the molds for the 
different metals. In many cases, it is necessary as well to 
\reat either the metals or the castings in some special way 
before the castings can be used. 


COMMON GRAY IRON 


Gray iron foundries are the most numerous because 
uray iron can be cast into almost any conceivable shape and 
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size. Castings can be made that range in weight from a few 
ounces to over 200 tons. The metal is also adaptable to a 
great variety of castings, such as automobile, gas, steam, 
and hydraulic engine cylinders; bed plates for machines; 
car wheels; agricultural machinery parts; furnace and stove 
parts; water pipes; cooking utensils; gears; and general 
machinery parts. 

The nature of the metal used for gray iron castings is 
such that castings can be made so hard that ordinary tool 
steel will not cut them or, on the other hand, so soft that 
they can be machined readily. The metal is weak, however, 
in comparison with other casting metals and will not stand 
great shock, hence, the engineer must allow a large factor 
of safety when specifying the use of gray iron castings, 
especially where great strength is required, or specify tha 
the castings be made from some other metal. 

The transverse strength of gray iron runs from 2,000 to 
3,500 Ib. per square inch, and the tensile strength is usuall 
from 18,000 to 30,000 Ib. per square inch. 

The alloy for gray iron castings is composed of iron 
carbon, silicon, phosphorus, manganese, and sulphur. 
These elements are used in different proportions, depending 
on the grade of castings to be made. The following is a 
typical analysis: 


Per Cent 
AYO Ps oi} sye:%, 4 6,3 Sve chek arate ts a Pea => 93 .00 
Carbon. Es crete aot Cy nitehd ie 3.25 
Silicon. & foc sho eee ee ee es 2.50 
Mangancsertc. i. bere atneerettis ss. « 0.50 
Phosplonuss 121.5 errhp ea Meke 2 59 x 0.65 
Pol) | o)\ bere Acs irs scion os (Oc Se aeRO 0.10 

100.00 


ALLOY GRAY IRON 


In many lines of manufacture and engineering, commo: 
gray iron castings have lacked in strength and wearin 
qualities, so that many experiments have been conducte 
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with a view to overcoming the difficulty. This has been 
accomplished, and the alloy has been called alloy gray iron. 
!, is used much, if not entirely, for making steam- and 
gus-engine cylinders, also for many other castings that 
require greater strength and wearing qualities than are 
furnished by common gray iron. 

Alloy gray iron is one of the latest alloys developed, and 
lias many future possibilities. It has a tensile strength of 
10,000 to 60,000 lb. per square inch as it comes from the 
mold, and, when it is heat treated, a much greater strength 
is produced. 

There are many different kinds of alloy gray iron castings. 
‘he following composition is a typical mixture: 


Per Cent 

Mgnt 2 3S las el a Se Siete ES Ar eee 92.00 
Carbon ap oem Vole er RNS ae cree 3.25 
SUGOne erg cists asiesae te rOer! (oleress toon Need is 2.00 
Maniganicner ar adits asta (Aer oer errs 0.80 
PROSPDOLUS ca ¢ obits: ote yesd Gees ape Male eee 0.30 
SUPSWUT cs Asati ae oe oN ieee ola heaters 0.10 
Nicholern. datz.s. 0 fete dees oo areliesl gbidess 0.70 
Chron attic <2 ng Oe oi eee eae Cries sone 0.35 
Moly bdeniwags vss t's, sata oe esos & svertrtsh os etaissese acs 0.50 

100.00 


MALLEABLE IRON 


Malleable iron castings are being used more every year 
in the manufacture of machinery; many castings that were 
formerly made of gray cast iron being now made of malle- 
able iron. One of the reasons for using malleable iron 
instead of gray iron is that malleable iron is much stronger 
(han gray iron castings, particularly in the matter of resist- 
ing shock. Malleable iron castings can be made much 
thinner in section. They are seldom used as they come 
from the molds, however, as they are hard and brittle until 


after they are annealed. Malleable iron before annealing 


is usually spoken of as white iron; its fracture is very light 
in color. 
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Annealing is carried on in two ways: One method consists 
of packing the castings into specially made boxes, called 
annealing boxes, with the space between castings filled with 
furnace slag or mill scale and other material, and then heat- 
ing boxes and contents in annealing ovens. The other 
method is to place the castings on the oven floor, cover 
them with sand and slag, seal the ovens, and heat. The 
heat is usually raised slowly until a temperature of about 
1600°F. is reached. Then the ovens are allowed to cool 
slowly before the castings are removed. In most cases, the 
time required for annealing an ovenful of castings is about 
7 days from the time the castings are put in until they 
are removed, but there are some processes that are com- 
pleted in shorter time. After the castings have been 
annealed they are very soft and much stronger. 

Malleable iron differs in many respects from other casting 
metals. It cannot be cast into very large bodies on account 
of its high shrinkage and because of the difficulty of anneal- 
ing. It has to be melted very hot and poured very rapidly, 
because it solidifies quickly. Seldom do malleable iron 
castings weigh as much as 1,000 lb. 

Malleable iron castings are used in agricultural machin- 
ery, railroad equipment, automobile parts, and many other 
products. The metal is usually tested for tensile strength 
and elongation. The tensile strength ranges from 38,000 
to 55,000 lb. per square inch, and the elongation is usually 
about 20 to 25 per cent. 

There are also different compositions of malleable irons. 
The following is a general composition: 


Per Cent 
1 Oa) 0 ett Pa RR IRE Nt 850) od Sy Ss os ea 96.70 
LG] 000) We RMP ees AR. st un Leh ASE: > oa Maes 1.50 
Dilleons... «Late 25. dean se ee Deeg Sree ies 1.00 
WIG RETGSO: 5 2 .c..5 5 Guars ates pees Read oeeeuaete 0.40 
PROS OTUS cv ats sa" e'e 4 se sec peh. eee eet aie 0.30 
DSHIDDUP I... aves sewitee ccm cls SCC 0.10 
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COMMON STEEL CASTINGS 


‘The sand used for making molds for steel castings differs 
ureatly from that used in other branches of molding. It 
ust be much more refractory and open grained, because 
(he metal is poured at an extremely high temperature and 
olidifies very rapidly. If the sand is not refractory enough, 
\| will fuse with the metal. If it is not open grained, the 
uses will not pass out of the mold rapidly enough, and 
hlowholes in the castings will result. Until recently almost 
ull molds for steel castings were baked, but now many good 
custings are obtained with green molds. 

\lany of the smaller steel castings are used as they come 
from the molds, but most of the larger ones have to be 
innealed to relieve the cooling strains formed when the 
inotal solidifies. Some manufacturers anneal all castings. 

Steel can be used for a great variety of castings, and it 
vin be cast into very large bodies. It is one of the strongest 
vusting metals and is coming into greater use every year. 
Cust steel parts enter into the makeup of railroad equip~ 
nent, agricultural machinery, and many other products 
where great strength is required. The tensile strength of 
sloel castings is from 55,000 to 70,000 Ib. per square inch. 

‘There are many different compositions of common steel. 
‘lhe following is a general composition: 


Per Cent 

Troningsei san oc arstiae Neon Ginetta aaa octeeaS 99.00 
Carbomecaman ator ca ote ita. wo che eke mins 0.47 
Marigancseves coe tc cathe he ovine nor esn acres 0.40 
Siliconera ae tees See ae ee et ee 0.05 
Phosphomiss sos ate oc tiers hoe 0.03 
Sulphurs:, sheet. weet ea. ee Oe oe 0.05 

100.00 


ALLOY STEEL 


Alloy steel castings are coming into more general use 
each year, and they are also changing methods of manu- 
facturing. 


With this alloy it has been found possible to 
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cast some shapes that formerly were necessarily made in 
other ways. It is used in castings where the greatest 
strength is needed. It has a good future, and much research 
work is being done to improve not only its strength, but also 
its wearing qualities. One of the latest uses for this alloy 
is in casting crankshafts for automobiles. 

Castings are now produced that have a tensile strength 
from 70,000 to 150,000 lb. per square inch, the strength 


depending upon the composition of the alloy and the 


method of heat treatment. 
There are different compositions for this alloy. A typical 
composition is as follows: 


Per Cent 

16) coe Oa aie rites 2 eek = i Or AR 96 .00 
[CW 0011 ae I ete Ma S.A 0.25 
MEAN GANICRD sia. sic:ss,- sco oe omc Rae ina Fieri s 5. 0.80 
PSOIGOR ceo sults Sia ac OS veer rice co 0.37 
PGE DDOFUB ee. © 5... ian > een emrMnreh ree etetinel ts ry “o 0.03 
INGER B Le oisic fas. o.9 os © Bee ee os oa eae 1.50 
Choma. 22... .s so ietine Anaemia «sos are eons 0.65 
1 COS docs) hb bet nA Are oo. ain Hern 0.20 
PURI CUIITD. (ce cosine eee ce Maem rs ner one eens ESTs 0.20 
100.00 


NON-FERROUS CASTING METALS 


Composing the non-ferrous casting group are the brasses, 
bronzes, bearing metals, and aluminum alloys. Their 
nature differs greatly from that of the ferrous group. To 
make non-ferrous castings, different metals, such as copper, 
tin, zine, lead, and aluminum are usually melted together. 
By varying the proportions, alloys that are hard or soft, 
weak or strong, can be produced. 

There is a wide range of use for non-ferrous castings. 
Their chief uses are for plumbing supply goods, in the 
manufacture of automobiles and cooking utensils, and for 
decorating purposes. The metals will take a high polish 
and will not rust so easily as the ferrous metals, a charac- 
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leristie that makes them especially useful in wet or damp 
places. 

‘here are many different non-ferrous alloys, of, which 
(he following are typical: 


Bronze Brass Aluminum 


(Copper... 90.00 per cent | Copper.. 85.00 percent | Aluminum 92.00 per cent 
Mn...... 10.00'per cent | Tin...... 5.00 per cent | Copper... 8.00 per cent 
WING. bee 5.00 per cent 
100.00 per cent | Lead..... 5.00 per cent 


100.00 per cent 


100.00 per cent 


Note.—For more detailed information on the metals taken up in this chapter, the . 
suthor takes great pleasure in recommending the book called ‘‘Cast Metals Hand- 
hook,”’ 1940 ed., published by The American Foundrymen’s Association, Chicago, 
il 


QUESTIONS 


|. Into what general types are foundries divided? 
What types of furnaces are used to melt the different metals? 
Name the different fuels used for melting metals. 

4. For what purposes are gray iron castings generally used? 

5. Why are gray iron castings used more than the others? 

6. Why are malleable iron castings annealed? 

7. What are some of the advantages of using malleable iron 
castings? 

8. When are steel castings used? 

9. What metals are generally used to make non-ferrous metal 
castings? 

10. For what purposes are non-ferrous metals generally used? 

11. What is alloy gray iron? 

12. For what kind of castings is alloy gray iron used? 

13. What is alloy steel? 

14. What is the reason for using alloy steel castings? 

15. Give the tensile strength of the ferrous metals, such as common 
uray iron, alloy gray iron, malleable iron, common steel, and alloy 
ateel. 


2. 
3. 


CHAPTER II 
FLOOR PLAN OF A FOUNDRY 


Almost all types of foundries are operated under five 
general departments: office, molding, dry-sand coremaking, 
melting, and casting cleaning. The office has to deal with 
buying and selling, record keeping, and managing. The 
duties of the molding, coremaking, melting and cleaning 
departments are indicated by the department names. Each 
department must solve problems peculiar to itself. 

Foundries are operated on both small and large scale, the 
output ranging from about 100 lb. to 1,000 tons of castings 
per day. Non-ferrous foundries may be operated success- 
fully on as small a scale as 500 lb. of castings per day. It is 
considered not very profitable to operate a gray iron foundry 
on less than 3 tons of castings per day, while malleable iron 
and steel foundries are seldom operated on a tonnage smaller 
than 5 tons per day. 

When planning the layout for a foundry, take into con- 
sideration the kind of castings to be made—gray iron, 
malleable iron, steel, or non-ferrous; the size of castings 
and the tonnage to be turned out each day; also whether 
the foundry is to be part of a manufacturing plant that 
uses the castings, or whether it is a jobbing foundry making 
the castings for some outside plant. 

Many foundries specialize in making small castings, 
some make only large castings, others make castings that 
range in size from 1 oz. to over 200 tons. 

Most of our large foundries are laid out in bays. Certain 
sizes of castings are made in one bay, the other bays reserved 
for other sizes. 

Figure 1 shows a large foundry where small castings 
are made in bay A, and larger ones in bay B. 

10 , 
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Fic. 1.—Molding room arranged in bays. 
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A typical layout of a foundry floor plan is shown in 
Fig. 2. The plan has the features that are common to all 
gray iron foundries. 

When laying out a floor plan and placing the equipment, 
careful consideration must be given to the routing of the 
materials used in the castings, or the foundry can not be 
operated efficiently. 

Molding Room.—The sand heap is shown at A in Fig. 2. 
In the morning, the molders begin work on one end of the 
heap, usually the end farther from the outer wall, and by 
the time the iron is ready to pour, in the afternoon, the 
floors are filled with molds. After the molds have been 
poured, they are broken up, and the castings are taken to the 
cleaning room. The sand is then prepared for the next day’s 
work. Castings that are too hot to be handled are left 
in the sand until the next morning or until they have 
cooled. The conveying of materials, such as molds, cast- 
ings, and melted iron, about the room is done by means of 
trucks, overhead trolleys, or cranes which run on tracks. 
The trolleys, trucks, and cranes are operated by electric 
motors in some shops, while in others the workmen push 
or pull them from place to place. 

Pattern Storage.—Since processes of molding require 
patterns, foundries quickly accumulate great numbers of 
them, and ample storage space must be provided. The 
patterns are stored on shelves, one shelf above the other, 
from floor to ceiling, and each pattern is numbered and 
registered on a card-index list. Patterns are withdrawn 
for use, and when the work is finished are cleaned and 
returned to the storage room. Cleaning patterns is very 
important. All sand and mud should be removed. Neces- 
sary repairs should be made, and if patterns are rough they 
should be sandpapered and refinished before being stored. 

Core Room.—In the lower left-hand corner is shown the 
coremaking room, containing all the apparatus for the mak- 
ing of cores and the oven for baking them. Core boxes not 
in actual use are generally stored in the pattern storage 
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toom. Core boxes as well as patterns should be carefully 
‘loaned and repaired. 


Cinder Mill-- <n Be. 


CORE SAND 
12'x25' 
IRON YARD 


RAILROAD SIDING 
Fie. 2.—Typical foundry layout. 


Cupola Room.—Preparing and charging the cupola, 
melting the iron, and delivering the molten iron into the 
ludles fall under the supervision of the cupola tender. 

Usually a side track is put in for switching purposes, and 
coke, sand, and clay sheds are built along this track, yet within 
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easy reach of the main foundry building. The iron is usually 
stored in a yard close to the side track and the cupola room. 

Wooden flasks generally are stored out of doors in a yard 
convenient to the molding room. Iron flasks are stored 
in sheds or rooms to prevent rusting. 

All iron, coke, and other materials used in the cupola are 
usually weighed on the ground floor and then taken by eleva- 
tor to the charging floor, 10 to 20 ft. above the main floor of 
the cupola room, from which they are charged into the cupola. 

Cleaning Room.—When the castings are taken from the 
sand they are sent to the cleaning room, shown in the lower 
right-hand corner of the illustration. Small castings are 
dumped into metal barrels, called rattlers or tumbling 
barrels, that are revolved until the sand and dirt have been 
jarred from the castings, after which they are taken to the 
grinding wheels and chipping benches, where they are 
prepared for shipment or for the machine shop. The sand 
is cleaned from large castings either by hand, with wire 
brushes, or with sand-blast machinery. Fins, pieces of 
gates, and risers, as well as rough spots, are chipped off 
either by hand or with air chipping tools, depending upon 
how the shop is equipped. 


QUESTIONS 


1. What must be taken into consideration when laying out a 
foundry? 

2. Give the range of sizes in which castings may be made. 

3. Why are large foundries laid out in bays? 

4. Name the different departments under which a foundry is 
operated. 

5. Give the smallest tonnages on which the different foundries can 
successfully operate. 

6. How would you take care of patterns before storing them? 

7. Why are charging floors used in the cupola room? 

8 How are small castings usually cleaned? 

9. How would you clean large castings? 

10. How would you store your flasks? 


CHAPTER III 


FLASKS, BOARDS, CLAMPS, AND WEIGHTS 


llasks of some kind are needed for making practically all 
\ypes of molds. They may be made of wood, iron, or steel, 
wid in some cases aluminum is used. Wooden flasks are 
(uickly made and are the cheapest in first cost. J obbing 
loundries use more of them than of the other kinds because 
(hey are light in weight and can be easily and cheaply 
illered. The objections to them are that they soon wear 
out and that they burn easily. Metal flasks are the best 
Where they are to be used continuously for producing 
similar castings or where altering will not be too expensive. 
With ordinary care, metal flasks will last many years 
without any expense other than the original cost. 

A flask consists of as many parts as are needed to make 
(he casting desired. When a flask has two parts, it is 
willed a two-part flask; when it has three parts, it is known 
ws a three-part flask. A two-part flask consists of a drag 
und a cope. A three-part flask is composed of a drag, a 
vope, and a cheek. The drag is the bottom part, the cope 
is the top part, and in the three-part flask the cheek is the 
purt between the cope and the drag. When beginning a 
mold, whether the cope, drag, or check is rammed first 
(lepends upon the shape of the pattern and how it must be 
iiolded. The various parts of the flask are held in align- 
ment by pins and sockets. The molder should always 
see that the pins fit accurately in the sockets. If they fit 
loosely, there is likely to be a shift in the mold. Loose 
pins may also cause trouble when making a difficult lift. 

Small castings usually are made in snap flasks, so called 
hecause they have snaps or catches on one corner and hinges 
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on the corner diagonally opposite. They are also made i 
circular form. Sizes range from 8 to 18 in. square in th 
form shown in Fig. 3, and from 10 to 20 in. in diameter i 
the form shown in Fig. 4. The advantage of a snap flas 
is that any number of molds can be made with one flask 


il 
pail 
eT quybus 

\ > 


Fre. 4.—Round snap flask. 


without requiring the flask for pouring the mold. Afte 
the mold has been finished, the flask is unsnapped an 
moved away from the completed mold. Should there b 
any danger that the sand might burst out, due to pressur 
of the metal, the mold is protected with a bottomless box 
called a slip jacket, which is slipped over the mold befo 

pouring, 
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‘Tapered slip flasks are coming into use more each year. 
Many of them are constructed of aluminum and have 
either hinges nor catches. Like the snap flasks, they can 


Fic. 5.—Slip flask. 


he removed from the mold after it is finished and before it 
is poured. Figure 5 shows a slip flask. When the mold 
is made, the sand strip A is on the inside of the flask to hold 
(he sand in the cope while it is being lifted. After the mold 
is finished, the sand strip A is drawn out of the sand by 


Fic. 6.—Slip jacket. 


tieans of the handles B, after which the flask can be slipped 
from the mold. 

Slip jackets may be made of either wood or metal. 
igure 6 shows a metal jacket. The number of jackets 
required for one molder depends on the number of his molds 
(hat can be poured with one ladle of metal. Usually, from 
\hree to ten are required for a day’s work. After the molds 
ure poured and the metal has solidified, the jackets are 
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taken from the poured molds and slipped over others that 
have not been poured. This shifting process is continued 
until the day’s output of molds has been poured. 

When tapered flasks are used, the slip jackets must also 
be tapered to fit the mold. 

One type of wood flask used in floor molding is shown 
in Fig. 7. Flasks that are more than 16 in. square or more 


Fria. 7.—Wood flask for floor molding. 


than 15 in. in diameter should have cross-bars, as shown 
at B. These cross-bars will not only hold the sand when 
the cope is lifted, but they will also prevent the sand being 
pushed out when the mold is poured. 

Flasks larger than 20 in. square should be provided with 
cross-rods varying in size from 14 to 1 in. in diameter and 
usually placed on the ends of the flasks, as shown at A, 
in Fig. 7. Some molders prefer to have the rods on the 
outside of the flask, while others prefer to have them on 
the'inside. Large flasks must have two or more rods at the 
ends and one or more in the middle, especially when the 
cope is deep. 
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Large flasks should be equipped with trunnions or lifting 
hooks, which serve as handles when lifting by means of a 
‘rane. Figure 8 shows, at A, a trunnion and, at B, a lifting 


hook. 


lia. 8.—Trunnion and lifting hook. Fie. 9.—Flask pins and sockets 


In Fig. 9 are shown two styles of flask pins used on 
wooden flasks. The open-slot style A is used more than 
\he pin-hole style B. 

Wooden flasks are satisfactory when only a few castings 
ure to be made, or in cases where the flasks have to be 


Fic. 10.—Small pressed-steel flask. 


altered often in order to make different shaped castings. 
They do not last long, and burn easily; so, when flasks are 
lo be used many times, without alterations, they should be 
constructed of metal. Small metal flasks are generally 
inade of pressed steel or aluminum; very large metal flasks 
o! either cast iron or cast steel. 

l"igure 10 shows a small pressed-steel flask used in making 
inolds on the bench, and Fig. 11 shows a pressed-steel flask 
ised in making molds on the floor. 
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For school foundries the flask shown in Fig. 12 work 
well. It can be made of scrap aluminum, about 12 in 


square, with the cope and drag 5in. deep. If an iron inse 


Fig. 11.—Pressed-steel flask for floor molding. 


is put in the ears A for pins and pin-holes, the holes will 
wear better than if they are bored through the aluminum. 
Most schools can make this type of flask for their own use. 


Fig. 12.—Aluminum Saal. 


Table I gives flask sizes, thickness of lumber required for 
different sizes, and the number of cross-bars necessary in 
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much flask. The number of cross-bars required is based on 
(he assumption that it is good practice to allow about 6 in. 
of sand between bars. 


TaBLE I.—DIMENSIONS FOR WOODEN FLASKS 


Thickness | Depth of | Thickness | Number of 
Fl A A of sides cope and | of cross- | cross-bars 
ask sizes, inches i 

and ends, drag, bars, required 

inches inches inches per flask 

Vrom 10 by 10 to 16 by 16....... 1 4to 6 

Vrom 18 by 18 to 30 by 30....... 144 4to 8 1 2to 4 
Nrom 32 by 32 to 48 by 48....... 2 5 to 10 134 4to 7 
hrom 50 by 50 to 60 by 60....... 216 6 to 18 14% 7to 9 
Vrom 62 by 62 to 70 by 70....... 234 6 to 24 134 10 to 12 
Vrom 72 by 72 to 84 by 84....... 3 6 to 30 2 12 to 13 


MOLDING AND BOTTOM BOARDS 


‘There should be at least one smooth board for each size of 
flask. This smooth board is called the molding board and 
iy used to rest the pattern and the flask on when starting to 
tnuke the mold. A molding board should be as large as the 
outside of the flask and stiff enough to hold up’ the sand 
und the pattern without springing when the sand is rammed. 
Cleats of suitable sizes should be nailed to the underside 
of the molding board. Their purpose is to stiffen the board 
ind to raise it from the bench or floor (see Fig. 13) to allow 


Fia. 13.—Molding board. 


(he melder to get his hand under it when rolling over the 
mold. The spaces between the cleats receive the clamps 
when the mold is clamped for roll-over. 
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One bottom board is required for each mold, since the 
sand must rest on a support until after the mold has bee 


poured. Bottom boards are similar to the molding board 


shown in Fig. 13 but need not be finished so smoothly 
Table II gives the thickness of lumber required to make 
bottom boards for different sizes of flasks. 


Tas.e I1.—Lumsper Requirep ror Borrom Boarps 


Thickness of 
board, inches 


Thickness of 


Board sizes, inches ; 
cleats, inches 


cleats to board 


ron 10 to 16.44... 34 to 1 14% by 14% 2 
From 18 to 30........ 1 tol 2 by3 2 
From 382 to 48........ 14 to 1K 3 by3 3 
From 50 to 84........ 1} to 2 4 byd 4 to 5 


CLAMPS AND WEIGHTS 


Almost all molds except those which have been made in 
snap flasks must be clamped before they are poured, in 


Fia. 14.—Clamps. 


order to prevent the different parts of the mold from lifting 
up and separating, due to the pressure from the gases and 
the metal. Snap-flask molds are held together by weights, 
but floor molds are always clamped Three types of 
clamps used commercially are shown in Fig. 14. They 


Number of 
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ure the Thompson clamp, 4; Chaleau clamp, B; and an 
innamed clamp, C, the most widely used. Those shown 
al A and B are adjustable and can be made to fit flasks 
ol different sizes. All of the three types can be made of 
ray cast iron, malleable iron, or steel. 

‘The number of clamps required on a mold depends upon 
(he pressure of the metal and the size of the mold. Fast 
pouring gives more lifting pressure than slow pouring. 
When a mold is poured with dull or cold metal, there is 
likely to be more lifting pressure than if poured with hot 
iietal. This is due to the fact that the molder naturally 
jours the cold metal more rapidly in order to run the casting 


Fie. 15.—Snap-flask weight. 


hefore the metal solidifies. Molds should always be 
clamped in such a manner that the metal will not run out at 
(he joints. When there is doubt as to the number of 
clamps needed, it is a good rule to put on an extra clamp or 
(wo rather than not enough. 

Sometimes molds are weighted, instead of clamped. 
When no other suitable weights are at hand, pig iron or 
lieavy pieces of scrap iron may be used. Almost all found- 
ries, however, make weights to suit their particular kinds 
of work. Weights are usually made of gray iron, and when 
(hey are made for snap-flask use they should be from 1 to 2 
in. thick and large enough to cover the entire top surface 
of the cope. They should have slotted holes in the center 
(o permit pouring, and openings at the ends to facilitate 
handling. <A style’ of weight commonly used for snap-flask 
molds is illustrated in Fig. 15. 
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Computation of the weight needed to hold down a cope is 
not often required. The following rule will be of assistance: 
Multiply the area of the surface of the metal which presses 
against the cope by the height from the surface to the top 
of the sprue, and the product by 0.26. (The factor 0.26 is 
the weight of 1 cu. in. of iron.) From the second product 
subtract the weight of the cope. The result will be the 
approximate weight that must be placed on top of the mold. 

To find the approximate weight of the cope after it has 
been rammed, multiply the width of the cope in inches by 
the length in inches, the result by the height in inches, and 
this product by 0.06. (The factor 0.06 is the weight of 1 
cu. in. of rammed sand.) 


Example.—Assume that a casting 12 in. wide, 18 in. long, and 1 in. 
thick is to be molded in a wooden flask, 18 by 20 in., with a cope 5 in. 
deep. How much weight should be put on top of the mold to hold the 
cope down? 

Solution.—12 x 18 X 5 X 0.26 = 280.8 Ib., which is the fluid 
pressure acting to force up the cope. The weight of the cope is 
18 X 20 X 5 X 0.06 = 108 Ib. The fluid pressure, 280.8 Ib., minus 
the weight of the cope, 108 Ib., equals 172.8 Ib., the weight that must 
be added. 


QUESTIONS 


1. From what materials are flasks constructed? 

2. How many parts are there to a flask? Name them, 

3. What part of the flask is rammed first? 

4. Why are snap flasks used for small castings, and how are the 
molds protected before pouring them? 

5. Why must cross-bars and cross-rods be used in large flasks? 

6. How must flasks that are handled by crane be equipped? 

7. Why are cleats put under molding and bottom boards? 

8. How are the molds held together when they are poured? 

9. What determines the number of clamps needed on molds when 
they are poured? 

10. How is the weight necessary to hold down a cope when the mold 

is poured computed? 


CHAPTER IV 


BRANCHES OF MOLDING—MOLDING TOOLS 


Castings are produced by making molds and then filling 
them with molten metal. After the metal has solidified 
wid the castings are cool enough to handle, the molds are 
jvoken up and the castings are taken from the sand. Cast- 
ings range in weight from a few ounces to many tons. In 
order to make the different sizes of castings successfully, it 
lus been found necessary to employ a variety of materials 
i) constructing the molds. 

Molding operations are classified under five general 
lieadings, according to the material used and the method of 
working with it: Green-sand, skin-dried, dry-sand, loam, 
and iron molds. 

Green-sand molding is the cheapest method of making 
4 casting and is the one most commonly used. The name 
green sand indicates that the metal is poured into the mold 
while the sand is damp, as it is when the mold is made. 

Skin-dried molds are made of green sand with a facing, 
composed of a mixture of molding sand and wheat flour (or 
some other binding material), surrounding the pattern to a 
thickness of 1 in. or more. Before pouring, all parts that 
will come into contact with the melted metal are dried by a 
torch flame or some other method of heating. This drying 
process eliminates the steam troubles encountered in green- 
sand molding. 

Dry-sand molds are made of green molding sand mixed 
with a binder such as wheat flour, resin, core compound, or 
linseed oil, and the entire mold is baked in an oven. The 
baking process drives off the moisture content of the sand, 
and the binder holds the mold firmly intact during pouring. 
Such a mold is usually free from steam troubles. 
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Dry-sand and skin-dried molds are generally used whe 
castings cannot be made successfully in green-sand moids 
While dry-sand and skin-dried molds cost more than green 
sand molds, in some cases they are cheaper in the long ru 

Loam molds are, as a rule, used in the production of larg 
castings only. Forms, built of bricks, are plastered ove’ 
with loam mortar rich in clay. Skeleton patterns an 
Sweeps are used to shape the surface of the mold. Whe 
the mold is completed, it is thoroughly dried before pouring 

Molds made of iron are called iron moids. Their advan 
tage is that many castings can be made before a replacemen 
is necessary. Before pouring, the molds are coated wit 
either oil or a graphite paint. Because of sizes and shape 
of castings the use of iron molds is limited. 

Molders and foundries usually specialize in one or tw 
branches of molding. One seldom finds a molder who fol 
lows all branches or a foundry that makes all classes o 
castings. 

Tn all branches of molding, where molds are made on th 
bench, the process is called bench molding. Molds tha 
are too large to be handled on a bench are made on the 
floor, and the process is called floor molding. Molding tha 
requires the use of a crane in handling the molds is calle 
crane molding. Large castings generally are molded in a 
pit, whence the term pit molding. 


MOLDING TOOLS 


Many types of tools and appliances are used in making 
molds. The selection of tools depends upon the shape and 
size of the castings to be made. Only such tools as are 
needed in this course will be taken up. 

A group of tools commonly used by all molders is shown 
in Fig. 16. The shovel A is indispensable. It should 
always be kept clean, not only to protect it from wear but 
also because a clean shovel can be handled more easily and 
rapidly than a dirty one. A rusty shovel, or one coated 
with sand, is a very clumsy tool. 
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Fig. 16.— Molding tools. 
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There are two types of hand rammers. The one sho 
at B is used in making molds on the floor and is known 
the floor rammer. It is usually about 4 ft. long. T 
rammer shown at C is used in making molds on the ben 
and is known as the bench rammer. It is usually from 1 
to 20 in. long. The wedge-shaped end of a rammer is calle 
the peen, and the other end is called the butt. The ter 
peen and butt are used for both floor and bench ramming. 

The bellows D is of standard type, used in both bene 
and floor molding for blowing loose sand from the mold. 

The swab L is used to moisten the sand around t 
pattern before it is drawn from the mold. The one sho 
is made of hemp. Sponges or waste also can be used f 
swabbing. 

The straightedge F is used to cut the sand level with th 
flask, after the mold is rammed. 

The wire J is called a vent wire. It is used to punch hole 
through the sand, after the mold is rammed and before thi 
patternsare drawn. These holes are passages for the escap 
of steam and gases when the mold is poured. 

The riddle # is used for sifting the sand that is pu 
next to the pattern. 

All patterns must be rapped before they are drawn fro 
the sand. The draw spike G is driven into the pattern b 
means of the rapping bar H. The wood screw M is use 
also for drawing patterns. If the pattern maker has pu 
threaded draw holes into the pattern, which is often th 
case, the draw screw J is used. 

A molder should supply himself with a set of small tools 
such as shown in Fig. 17. It is a common experience to se 
an apprentice select all kinds and sizes of tools, only to fin 
later that he has many for which he has no use. That is 
mistake. It is better to select a few tools and add to the 
when necessary. The illustration shows a set of tools that 
will meet nearly all of the requirements for bench and floor 
molding. For special work, however, many other tools are 
needed. 
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‘lhe trowel A is known as the finishing trowel. The one 
sown at B is called the square trowel. These trowels 
ould be about 114 in. wide and from 5 to 6 in. long. They 
i/o used to slick down joints, make partings, and repair 
Hie ilk ls. 

‘lhe lifter C can be used for either bench or floor molding. 
!| is a good plan to have two lifters, one about 14 in. wide 
wid about 10 in. long, the other about 114 in. wide and about 
{1 to 18 in. long. They are used chiefly for removing loose 


Fia. 17.—Molders’ tools. 


mind from the mold, especially when the mold is very deep, 
i/though they are used also to repair broken molds. 

‘The slick D is known as the double-ended slick and 
This slick should be about 1 in. wide for ordinary 
work. It is used more for repairing molds than are the 
lifter and trowel. 

‘The tool #, called a Yankee lifter, is a combination of 
slick and lifter. It is used chiefly in bench molding and is a 
lundy tool. A good size is about 14 to 3¢ in. wide. 

‘The gate cutter F is used to cut gates from the bottom of 
(he sprue hole to the pattern. It can be made from thin 
sheet iron or from thin copper sheeting. A gate cutter 
\bout 4 in. square is a good size. When the cutter is made, 
i should be bent as shown in the illustration; when cutting 
yutes, it can be bent to suit the requirements. 


spoon. 
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It is best to purchase the tools described from manufaf 


turers of molding tools, 


QUESTIONS 


; What is meant by green-gand molding? 

. How is molding sand treated for skin-dried molds? 

What is a dry-sand mold? 

- When are loam molds generally used? 

. From what materials are permanent molds generally made? 
Name the rammers used for ramming molds. ; 

Name some of the tools used for drawing patterns 

. For what purposes are trowels used? 

. For what is the swab used ? 

Name two slicks, 
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CHAPTER V 


MOLDING SAND, FACINGS, AND PARTING 
MATERIALS 


(ood molding sand is found along rivers and lakes in 
tiny parts of the United States. Albany, N. Y., Sandusky, 
Ohio, Ottawa, Il., and other localities are well known to 
foundrymen as molding-sand centers. Sand suitable for 
yreen-sand molding must be cohesive when moistened to 
the proper degree of dampness and rammed to sufficient 
hurdness. It must stick together when the mold is handled 
sid must be tough enough to allow the metal to run over it 
Without washing or cutting into it. It must be sufficiently 
telractory to withstand the high temperature of melted 
rust iron (2500°F.) without fusing. It should be porous 
i) order to allow the free escape of all steam and gases that 
‘are generated when the mold is poured. The sand should 
lw strong so that it will neither wear out quickly nor 
mumble under heat. A good sand will bake a little when 
subjected to heat. 


COMPOSITION AND SELECTION OF SAND 

‘The composition of molding sand as given by many 
‘hemists is: 80 to 90 per cent silica, 6 to 10 per cent alumina 
(vluy), and small percentages of other ingredients such as 
linc, magnesia, and metallic oxides. 

A good foundryman is very careful when selecting molding 
swnd, for he knows that, in order to be successful in making 
mastings, he must have sand suitable for the particular class 
ul castings he wants tomake. For small castings, requiring 


smooth surface, a molding sand of fine grain must be used. 

\Vhen heavy castings are to be made, a sand of coarse grain 

is required to allow the steam and gas to pass out of the mold 
31 
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\ 
freely while the metal is solidifying. ‘The sand must 
rammed harder for large castings than for small ones. 
the outside surface of a heavy casting need not be so smo 
as that of a small one, a coarse and open-grained sand 
more suitable. If a sand suited for light castings is u 
for heavy castings, there is danger of scabbing, and at ti 
the metal may be blown out of the mold, since the ste 
and gases cannot escape. Chemical analysis is not of 
used in the selection of molding sand, and it is best to lea 
the selection to some one experienced along that particu 
line of work. One may write to the foundry supply hou 
informing them as to the class of castings to be made, 
they will give good advice. 


TEMPERING SAND 


The tempering of sand means the mixing of the sand wi 
water to the proper degree of dampness. Water is add 
to the sand by means of a sprinkling can, hose, cr wa 
bucket. It never should be thrown on the sand in b 
or bulk that will produce mud but should be added eve 
over the surface. It is best to spread the sand out a lit 
before wetting it. 

A shovel is generally used to mix, or ‘‘cut,” the sa 
although some shops use sand-mixing machinery. 
matter by what method the sand is prepared, all dry ai 
wet parts must be mixed together evenly and all large lum 
broken. If there is more moisture in the sand than can 
driven out when the mold is poured, the metal may 
blown out by the steam formed. When the sand is too 
it may drop out of the flask when the mold is handled, 
the metal is likely to cut into the sand and wash it, causi 
sand holes in the castings. The production of good 
defective castings often depends entirely upon the conditi 
of the molding sand. 

When preparing sand, the molder examines it by feelin 
handful. If it is too dry, he adds water sparingly; if 
wet, he adds dry sand. By repeated test and adj 
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tient the correct consistency will be obtained. In testing 
hy fecling, a handful of sand is squeezed into a long lump 
‘hat is held between the first finger and the thumb and 
shaken with a swift motion. If the lump does not break, 
‘ie sand is considered to be in good condition. Another 
fool may be applied by breaking the lump apart. If the 
oiigos remain sharp and firm after the lump has been broken 
iilo small pieces, it is a good indication that the sand is in 
Molding condition. 


CARE OF SAND 


When the sand is in use every day, it is likely to become 
weak, causing a great deal of trouble, not only in making 
inolds, but also because the sand will wash when the metal 
\) poured. After it has been used many times, the sharp 
viges have become rounded, partly from wear and partly 
from the high temperature of the molten metal, and the 
‘lay has burned out. These changes are the main causes 
for the weakening of sand in use. New sand, that is, sand 
(hat has not been used for molding, is stronger than it need 
fw, and when added makes up for the weakening of the old 
sind. In this manner, sand may be used over and over 
without a complete replacement at any time. 

When shaking out molds some of the sand will adhere to 
(he castings and be lost. If the amount of sand lost be 
replaced by new sand, the resulting mixture will be suitable 
for molding and the molder’s supply will be kept up to 
normal. 

After the sand has been used for a time and is somewhat 
hurned, it will give better results than when new. Gener- 
ally speaking, castings made in old sand, or sand partly 
hurned, will be smoother than those made in all new sand. 


RAMMING THE SAND 


The sand must be rammed solidly within the flask and 
around the pattern. It must be rammed firmly enough to 
withstand the flow and pressure of the molten metal and 
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hard enough so that the mold can be handled witho' 
having the sand drop out of the flask. With soft rammin 
the casting is likely to be larger than desired. If the mo 
is soft in spots only, the casting may have bulges or lump 
Yet sand must not be rammed harder than is necegsa: 
because the denser the sand, the less chance the steam an 
gas have to pass through it, and because too hard rammi 
will cause blowholes in the castings and scabs on them. 
There is no way to learn how hard to ram. a mold excep 
by actual practice. At first, a great deal of trouble ma 
be experienced, but by keeping at it with a determinatio} 
to learn, much skill may be acquired in a very short time. 


VENTING THE MOLD 


Since considerable air, steam, and gas are in all molds 
these must be driven out through the sand when the mold j 
poured, else the castings will probably be full of blowholes 
Blowholes are usually found in the part of the casting tha 
was uppermost when the mold was poured. Some bloy 
holes may be seen plainly when inspecting the casting, bw 
it is not uncommon for castings to be full of small blowhole 
that are not found until the former are machined. 

Air is found in all molds. Steam is formed when the hoi 
metal is poured into damp molds. When fluid metal come 
into contact with a mold (the mold may be made of eithe 


When the ramming is done properly and a porous sand is 
used, the steam, gas, and air will pass out of the mold 
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lwiween the grains of the sand. Almost all molds, how- 
ever, must be vented, which means that vent holes must 
'w punched into the sand to afford the steam, air, and gas 
ree passage out of the mold. Various methods used in 
venting molds will be shown when the making of molds is 
faken up in detail. 


FACING THE MOLDS 


Small or thin castings can be made successfully and with 
 fnirly smooth surface if the metal is poured into molds 
(hat have not been faced. If the molds are faced, however, 
(he castings will usually be smoother. As a rule, small 
‘ustings must have a smooth skin or surface. 

‘The facing materials most used for producing small cast- 
ings are Ceylon lead, East India plumbago, and soapstone 
or tale. These facing materials ordinarily are put into a 
small bag, and after the patterns are drawn from the sand 
und the gates cut, a thin layer of the facing material is 
(lusted onto the surface of the mold with the bag. Rubbing 
\he facing on the surface of the mold with the hand, or 
brushing it down with a camel’s-hair brush, will give a much 
smoother surface than that obtained by simply shaking on 
(he facing and leaving it as it falls. 

When smooth castings are wanted and the mold has small 
projecting parts of sand likely to be knocked off if the mold 
is touched with a brush, the pattern may be replaced in the 
inold after the facing has been dusted on and tapped down. 
The facing is thus pressed into the sand and the pattern is 
(hen withdrawn. This process of facing a mold is known 
us the printing-back method. Since the facing becomes 
(lump from the moisture in the sand, if the pattern is left in 
\he sand too long the facing and sand are apt to stick to it, 
muusing the mold to be impaired or destroyed when the 
pattern is drawn. 

When heavy castings are to be produced, the part of the 
inold with which the metal comes into contact should be 
ade from a material that is sufficiently refractory to with- 
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stand the high temperature of molten metal without fusing. 
Molding sands are generally not refractory enough t 

withstand such high temperatures for any great length o 
time, and a facing must be used which is put next to th 

pattern when making the mold. The surface of the mold 
prepared in this manner must be treated by about the same 
method as that explained in describing the facing of sma 

molds. 

The facing material most commonly used for this purpos 
is known as sea-coal facing, which is made from soft 0 
bituminous coal, ground fine or coarse as desired. The fin 
facing is used for small castings, and the coarse facing fo 
large castings. The sea coal is mixed with the moldin 
sand in proportions depending upon the size or weight o 
the castings and the thickness of the metalin them. A mix 
ture known as No. 10 is composed of 1 part of sea coal t 
10 parts of sand. Usually, the sand consists of 75 per cen 
old molding sand and 25 per cent new molding sand, b 
volume. The sand is mixed well, and the sea coal is the 
added. This mixture is suitable for castings having a met 
thickness of from 14 to 1 in. When the metal thickness i 
greater than 1 in., a little more coal should be used. To 
much sea coal, however, will cause the castings to be roug 
and streaked, due to the fact that the metal burns the facin 
away in places. It is seldom necessary to use sea-co 
facing on castings that are less than 14 in. thick, but i 
desired, the facing should be mixed so that there is a littl 
less than 1 part of sea coal to 10 parts of sand. 

A good way to mix sea-coal facing by hand is to estimat 
the number of shovelfuls that will be needed to cover th 
pattern to a depth of from 14 to 2 in. Measure the san 
and spread it on the foundry floor, the old sand first, the 
the new over the old. The sea coal should then be sprea 
evenly over the new sand. To get a well-mixed facing 
shovel over the mixture twice and sift it through a No. 
riddle before tempering it. After the facing has bee 
sifted, sprinkle it with water and temper it in the same man 
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wor as molding sand is tempered. The facing will then be 
roady for use. It has been found that if the facing is 
(ramped down after the water is put on, it will mix better 
wid will be a little tougher than it would be if it were merely 
nixed with the shovel. 

Instead of mixing the sea-coal facing by hand, many 
foundries have put in sand-mixing machinery which is 
proving to be quite a success and is saving a great deal of 
(ime. Such a machine is illustrated in Fig. 184. 


PARTING MATERIALS 


lor almost all castings it is necessary to make molds in 
parts, that is to say, one part is made on top of the other. 
‘These parts will stick together when an attempt is made to 
separate them, unless some parting material is put between 
(hem. The most common material used for this purpose is 
culled parting sand, and the sand best suited for the work 
in one that has little or no clay in it. 

A fine sand found along the shore of Lake Michigan makes 
good parting material, but some molders prefer to use 
hurned core sand or the burned sand that is cleaned from 
the castings. Any of these sands is suitable. ‘There are 
also manufactured parting materials, known as parting 
compounds, sold to the foundry trade. They are in pow- 
dered form and are used by being put into bags and dusted 
onto the mold. Parting compounds give good results but 
cost more than parting sands and therefore are not used so 
much commercially. One of the best parting materials is 
lycopodium. This material is used when oil has been mixed 
with the sand, and the only objection to its use is the high 


cost. 


QUESTIONS 


1. What are the essential properties of a good molding sand? 

2. What are some of the important factors to be considered in 
selecting molding sand? 

3. How is molding sand tempered, and what is the result if the 
sand is used either too wet or too dry? 
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4. How is molding sand kept in good condition for use? 

5. If molds are rammed either too hard or too soft, what will b 
the result? 

6. How do steam and gas escape from molds? 

7. Why should molds be faced, and what materials are used fo 
that purpose? 

8. Explain how a sea-coal facing mixture is mixed. 

9. Explain how facings are applied to molds. 

10. What materials are used for making partings? 


.CHAPTER VI 


MAKING PARTINGS—GAGGERS AND 
CROSS-BARS—CHAPLETS 


When castings are to be made, a pattern must be made 
‘ist, and this is used in making the mold. The pattern is 
jsually supplied by the patternmaker, and the molder 
jjould examine it carefully before beginning work on the 
tie id. 

The term draft refers to a tapering slant put on all 
patterns so that they can be removed from the sand easily. 


‘fy 
ey 


Fic. 18.—Drag of mold with parting made. 


Study the pattern to see in what direction the draft runs. 
On some patterns it will be found to run in one direction, 
on others in the opposite direction, and on still others in 
many directions. 

The parting line on the pattern is usually the largest part 
of the pattern, and is the point where the mold must be 
separated. If a mold is not parted on the parting line of 
the pattern, the sand may break when the pattern is drawn, 
or when the mold is separated. In order to get good results, 
it is important that the parting be made at the correct 

39 


40 FOUNDRY WORK 


point. Figure 18 shows two ways to make a partin, 
The method shown at A gives better results when the mol 
is separated, than the one shown at B. 


GAGGERS 


Gaggers are used to support hanging bodies of sand whe 
molds are made on the floor. They can be made of cast 0 
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Fie. 19.—A gagger. 


wrought iron, and can be round or square. Figure 19 
shows one type of gagger commonly used. The toe A is 
from 3 to 5 in. long, and the 
shank B may be made from 
4 to 20 in. long, depending 
upon the amount of sand 
that has to be supported. 
In some shops, cast-iron 
gaggers have the prefer-— 
ence, while, in others, the 
wrought-iron gaggers are 
chosen. 

Many foundries make their own gaggers. Cast-iron 
gaggers are easily made, especially if the patterns are 
fastened to a plate or board, as shown in Fig. 20. It will 
be noticed that several sizes can be made at one time in 
the same mold. When making a mold for gaggers, a cope 
may or may not be used, a matter each foundry must decide 
for itself. ; 


Fia. 20.—A gagger plate. 
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A handy gagger mold with two working sides is shown in 
iw. 21. It is made of gray cast iron and is known as the 
alls air-cooled mold. It is hung on trunnions on a frame. 
Whon the metal is poured, it must be in a level position or 
the gaggers will not be uniform in thickness. As soon as 
(hw metal is solid, the mold is turned over and the gaggers 


Fig. 21.—Falls air-cooled gagger mold. 


drop out. The second side can then be poured. The 
advantage of a mold like this is that many gaggers can be 
iiade with the same mold before it has to be replaced. 
Some molders choose to shake a little graphite or black 
lead on the mold before pouring. It is a good plan, because 
\( prevents sticking. The mold must be free from rust and 
dry, or the metal will blow out, which is dangerous to the 
workmen. 


PLACING CROSS-BARS AND SETTING GAGGERS 


When molds similar to the one shown in Fig. 22 are made, 
the sand on the inside of the pattern must be lifted out with 
the cope. Since the sand itself is not strong enough to 
hold together, it is necessary to put in some reinforce- 
iment, either cross-bars or gaggers, and in some cases both. 
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The cross-bars in the mold are shown at 1, 2,°3, 45m 
They are nailed to the sides of the cope. Bars 2, 3, 4 mus 
be deeper than bars 1, 5, because of the shape of the patte 
All bars should reach to a distance of }4 in. from the patte 

Before placing the cope on the drag, it is a good plan te 
wet it on the inside either with water or with a thin clay 
wash. The sand will stick better than it would to a dr 
surface. 

Good judgment must be exercised when selecting and 
setting gaggers. A molder should always study the 


Fig. 22.—Showing correct method of setting gaggers. 


pattern and select gaggers that are long enough to reinforce 
and support the sand to be lifted. It must be remembered 
that if the gaggers are too short they will do more harm 
than would be done if none were used, because gaggers are 
about four and one-half times as heavy as rammed sand 
and when of insufficient length only add extra weight 
instead of affording support. 

There must not be too much sand between gaggers and 
pattern. About 1g to 4 in. of sand works well. When 


there are cross-bars in the cope it is a good plan to sift a 
thin layer of sand over the pattern and drag before the cope 
is placed, to secure even distribution. 

Careful study of the pattern must be made, to determine 
where the sand is most likely to break when the cope is 
lifted, and where it will probably fall or wash when the 
mold is closed and poured. Usually the sand next to the 
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juliern and in the corners will break first, and these places 
iiuel be reinforced more than over the flat surface of the 
jutlorn. Gaggers should be given a thin coating of clay 
vush before setting, to cause the sand to adhere to them. 

Ciuggers to reach to the top of the cope, as shown in Fig. 
1), A, B, D, F may be selected, or they may be allowed 
ly slick out, as shown at H. They may even be so short 
tial they will not quite reach the top of the cope, as shown 
u| C. The method indicated at A, B, D, and F is con- 
silered the best practice. The gaggers may be set so that 
(ie bent end is under the bars, as shown at A, B, H, and F, 
wr placed as shown at C and D. 


CHAPLETS AND WEDGES 


Chaplets are metal supports placed in molds to hold dry- 
suid cores in place when the cores are set and also when the 
old is poured. 

‘he chaplets are made from iron, mild steel, thin sheet, 
ron (sometimes called tin), brass, and aluminum. They 
uy range in size from very thin sheet iron to 2 in. or more 
ii) diameter. The size of chaplet to use depends upon the 
vive of the casting, the thickness of the metal, and the 
mount of pressure to be exerted against or under the core. 
(‘haplets must remain rigid until the metal in the casting 
lis solidified, or the core will float, causing the casting to 
lw unfit for use. If the chaplets are too large, the iron in 
(he castings is apt to chill around them instead of fusing 
with them, which would cause leaks if the castings were put 
‘0 a water, gas, or steam-pressure test. Such castings 
iiny have to be scrapped. The importance of the selection 
vf chaplets is evident. It is advisable to leave this part of 
(he work to an experienced man. 

l’oundries can make their own chaplets, but, as a rule, a 
juch more satisfactory product can be purchased from 
jinufacturers who specialize in making them. Chaplets 
should be kept in a dry place to prevent rusting. With 
(he same object, the sheet-iron and mild-steel chaplets 
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should be coated with tin, oil, red lead, or chalk before th 
are set into the mold. Tin is probably the best coati 
When the chaplets are set they should be examined for 
or dampness. Hot metal will not lie against rusty or ¥ 
chaplets, and blowholes are likely to result. 

Figure 23 shows some of the Many types of chaplets th 
are used to support. cores. Those lettered A and B 


Fia. 23.—Chaplets. 


known as perforated chaplets and used extensively for ligh 
and thin castings. The cup chaplet C is used a great de 
in molding small steam-engine pistons. The double-flange 
chaplet D, the bridged chaplet HZ, and the Tright-ang! 
chaplet G@ are used in making a great variety of casting; 
The straight-stem chaplet F is used when the fluid pressu 
of the metal is so great that the other types cannot be used 


SETTING CHAPLETS 


One method of supporting a core in a mold is shown i 
Fig. 24. The core B is held in place and located by the tw 
core prints CC. The chaplets AA are placed on top @ 


thw core. 


» the metal of the casting above the core. When the mold 
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These chaplets should be of the same thickness 


\ closed, the cope fits down on the chaplets and the core is 
wid in place during pouring, assuming that the chaplets 
‘ly not melt before the metal has solidified and that the pres- 


»5.—Core supported with straight-stem chaplets, and showing proper 


a method of wedging on top of chaplets. 


sire under the core is not so great that it will press the chap- 


lols into the sand of the cope. a 
In Fig. 25 there is shown a core supported by straight- 


slom chaplets and a method generally used in securing such 
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chaplets. The chaplet H is driven into the bottom boa‘ 
which gives it solid support. The chaplet D is driven i 
a board embedded in the mold for that purpose when 
mold is made. Either method can be used, but drivi 
the chaplets into the bottom board is considered the bet 
practice. In either case, when the chaplets are placed t 
must project out of the sand a distance equal to the thi 
ness of the metal that should be in the casting. The core 
is located by the core print F and is held up by the t 
chaplets to which reference has been made. 

The core is held down by chaplets A, B, and C, whi 
project through the cope as shown. They should 
pushed through the cope before the mold is closed and m 
stick out above the sand about 14 in. after the mold 
closed and when they are down on the core. They must 
secured at the top or they will push upward when the m 
is poured. Securing chaplets on the top of the mold ¢ 
be done in different ways. The methods illustrated ¢ 
be used for small as well as large castings. 

After the mold is closed, blocks of wood are placed 
top of the flask, these blocks being 14 to 114 in. higher th 
the top of the chaplets, as shown at 3. On top of th 
blocks an iron bar or T-rail is placed, reaching across t 
mold and over the chaplets, as shown at 1. Clamps reae 
ing from the bottom board to the top of the iron bar, 
shown at 2 are used. The clamps must be fastened tight 
on top of the bar because they serve not only to hold t 
chaplets but also to hold the parts of the mold together. 

Wedges must be placed between the chaplets and t 
bar, as shown at A, B, and C. Here, again, differe 
methods of wedging are practiced. Any of the metho 
may be used, but the ones shown at A and B are consider 
the best. 

Straight-stem chaplets stick out of the castings and mu 
be chipped off. Chaplets such as shown in Fig. 24 a 
usually even with the outside of the casting, and no furth 
work is necessary. 
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WEDGES 
Wodges are needed in almost all foundries. They can be 


tide of wood or iron. The wooden wedge shown at A 
‘ti. 26) is a standard type used by most foundries for 
‘/unping molds for rolling and pouring. Wooden wedges, 
however, are not safe for blocking over chaplets, because 
‘ie gases are likely to burn them before the metal in the 


Fig. 26.— Wedges. 


muting has solidified, and this would cause the chaplets to 
“ive and not to hold the core in place. 

The iron wedge shown in Fig. 26, at B, is a good wedge 
\) use for blocking over chaplets but is not so desirable for 
‘lumping molds. Wedges made to the dimensions given 
uve useful in any foundry. 


QUESTIONS 


|. Why should the parting be made at the parting line of the 
pattern? ; 

2. What are gaggers, and when are they used? 

3. Why is it necessary to use cross-bars in large flasks? 

1. How near the pattern are cross-bars usually placed? 

5. How much sand should be placed between the gagger and the 
pattern ? 

6. If the gaggers used are too short, what is the result? 

7. What are chaplets, and why are they used? 

8. Name five kinds of chaplets. 
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. Why must the use of wet or rusty chaplets be avoided? 

. If chaplets are too large, what will be the effect on the casti 
. If chaplets are too small, what will be the effect on the casti 
. What becomes of the chaplets after the mold is poured? 

. When is it best to use iron wedges? 

. For what purpose are wooden wedges mostly used? 


CHAPTER VII 


GATING MOLDS—PREVENTING SHRINKAGE 
IN CASTINGS 


The gating of molds is an important problem that must be 
sudied very carefully, especially in regard to some shapes 
»| custings, because many castings are lost on account of 
proper gating. There are many styles of gates used, but 
wily the most common ones will be illustrated in this 
Hlinpter. 

‘There is always more or less dirt and scum floating on top 
»! (he molten metal and mixed with it, and many castings 
uve to be serapped because this dirt finds its way into the 
iiolds while they are being poured. Some of the dirt can 
hw skimmed off while the metal is in the ladle. Even though 
‘ie iron be skimmed, there will be some dirt to deal with, 
sid it must be kept out of the mold as much as possible by 
jwoper gating and pouring. 

The term gate, as applied in molding, is any opening in 
‘iw mold through which metal is poured to run the castings. 
‘ites can be classified in two groups—common and special. 
{hose with the funnel-shaped top, the skimming gate, and 
(ie pouring basin compose the common group, while the 
iorn, flat, and whirl gates are the special. The type of 
wile to be used depends upon the size and shape of the cast- 
jig and upon whether or not the casting must be clean. 
Nome castings may be full of dirt holes and still not be dis- 
ualified for use, while others have to be scrapped if they 
lve a dirt hole the size of a pinhead. 

Gates should be cut a little deeper under the sprue than 
ext to the pattern, so that some of the metal will stay in 
(he gate during pouring. This metal acts as a cushion for 
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the following metal to fall on and prevents cutting of t 
sand. Gates should be cut just large enough to allow t 
metal to run through at a speed that will not fail to 
the castings. They should not be so large that they 
break into the casting proper when broken off, or that th 
cannot be kept full of metal during pouring. Dirt is not 
likely to run into the molds with the metal when the gat 
are kept full. The reason is that the dirt, being lighter thi 
the metal, floats on top, allowing the clean metal to run in 
the mold. This explains why castings poured from the b 


Fic. 27.— Mold gated with common gate. 


tom are cleaner than those gated from the top. Th 
castings should be gated with a wide and shallow gate, whi 
will allow the metal to run through fast enough to run t 
casting and still leave the gate weak so that it can be brok 
off without breaking the casting. 

There is always more or less danger that the metal 
cut the sand when pouring. This danger can be partia 
eliminated in three ways: first, by so placing the gates th 
the metal will run into the mold without running again 
obstructions; second, by placing the gates where the me 
will not have too much fall when entering the mold; 8 
third, by running the metal into deep places where it 
form a puddle for the rest of the metal to run into and th 
prevent cutting of the mold. 

The gate most extensively used for small and thin ca 
ings, or for castings that need not be very clean, is shown 
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liu. 27, in which A is the sprue made with a funnel shape 
i! the top, B is the gate cut in the drag, and C is the 
mating. 

I'he gate shown in Fig. 28 is known as the skimming gate. 
|! is used chiefly on castings that are to be as nearly as 
possible free from dirt. The skimming gate is made by 
welling the sprue A and the skimmer B in the cope and con- 
secling them by the channel C after the cope is lifted off. 
lhe channel should be made about twice as large as the 


Fig. 28.—Mold gated with skimming gate. 


ute D, so that the channel will allow the metal to run 
(hrough more quickly than the gate will take it, thus keeping 
the gate full of metal and not allowing the dirt to pass 
through. The metal must be poured into the sprue rapidly 
enough to force it to rise to the top of the skimmer, and the 
sprue and the skimmer must be kept full throughout the 
pouring. If this is not done, the dirt that passes through 
the sprue will not float to the top of the skimmer but will 
fun into the casting. Skimming gates require more metal 
(han the one shown in Fig. 27 and therefore should be used 
only when clean castings are to be made. 

Pouring basins are used for running large castings. The 
sprue may be set on top of the pattern, or the casting may 
he gated on the side. When the basins are made properly, 
(hey will collect. and hold the dirt. Great care, skill, and. 
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good judgment must be exercised in building basins. Tl 
size depends upon the size of the sprue and the amount 

metal required to fill the mold. It also depends upon tl 
time in which the mold must be filled. Basins must alway 
be so made that they can be kept full of metal, because 
they are not, the dirt will flow into the casting, and th 
result will be just as bad as though no basin had been use¢ 


Fic. 29.— Mold gated with pouring basin. 


A mold gated with a pouring basin is illustrated in Fig. 29 
The basin is shown at A, the sprue at B, and the castin 
at C. It will be noted that the basin is lower at D than a 
E. The metal should be poured into the basin slowly a 
D until it begins to run over at # into the sprue, and the 
the basin should be filled as quickly as possible. 

Pouring basins may be cut in the cope between the bar 
if the cope is deep enough, or they may be built on top of th 
mold after it is closed, as shown at A, Fig. 30. If the pour 
ing basin is to be built on top of the mold, the mold shoul 
first be closed; then a runner box A, of suitable size, 
placed on top of the mold, and the sprue pin is set back in 
place. The runner box is then rammed full of sand, afte 
which the pouring basin is cut as shown. The sprue pi 
should be let in the runner box until after the pourin 
basin has been cut, so that no loose sand will fall into th 
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wold, It is advisable to swab around the sprue pin before 
drmwing it. Any sand that is apt to wash when the mold is 
jwured should be packed down carefully. Hither a metal 
» © wooden box may be used for the pouring basin, as long 
«il is of the proper size. By using a runner box to make 
(he basin, a much shallower cope can be used than if the 
luvin has to be cut in the cope; time and much hard labor 
are saved. 


\ 
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Fre. 30.—Pouring basin built on top of mold. 


Many large castings must be gated from the bottom 
hecause of the excessive fall of the metal if gated from the 
lop. It is a good plan to gate very deep molds at the bot- 
(om and run the metal down by steps, to prevent washing 
in the runner. Figure 31 shows one style of step gate 
suitable for large and deep castings, especially if the castings 
iiust be made clean. One of the objections to bottom gat- 
ing is that extra work is required to make the gates. If the 
metal is run through a bottom gate core, however, as shown 
al A, the amount of extra work is slight. Sometimes it is 
desirable to fill the mold quickly, in which case more than 
one gate core may be used. Almost all jobbing foundries 
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carry some kind of gate core in stock. The gate core shov 

in Fig. 31 can easily be made in halves, as shown at BB, th 
halves being pasted together after they are baked. The 
may be made smaller by rubbing together, or larger b 
filing the runner, before pasting. A good size of core te 
carry in stock is one that has a runner about 1 in. in diam 
eter. The core may be about 5 in. long, 3 in. wide, and ¢ 
in. thick. Cores of this size will run any casting simila 


Fra. 31.—Mold gated from the bottom. 


to a steam-engine piston weighing approximately 800 Ib 
or more. 


SHRINKAGE AND THE FEEDING OF CASTINGS 


All metals contract, or shrink, as they pass from a liquid 
form to a solid state. This shrinkage will be more notice 
able in large castings than in small ones, although, o 
course, the coefficient of expansion (and therefore the 
contraction) is a constant. In small castings the meta 
solidifies almost as soon as the mold is poured, so that 
shrinkage is not a serious factor, but with large castings the 
metal remains in a liquid state for a considerable length o 
time, and much trouble is experienced with shrinkage. 

While all metals shrink when they solidify, there are 
scarcely two that shrink to the same extent. Aluminum, 
steel. and brass shrink more than gray or malleable iron. 
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‘Then, too, not all grades of gray and malleable iron shrink 
the same. That being the case, it is necessary for a 
foundryman to study the metals, not forgetting to take 
ilo consideration the size of the casting and the kind of 
tnelal. The pouring temperature, also, must be watched, 
hecuuse when a mold is poured with hot metal there is 
ipl to be more trouble with shrinkage than if it were poured 
with cold metal. 

Shrink holes are generally found in the castings where 
(he metal is the heaviest or in the part of the casting that 
Was uppermost when the mold was poured. 

‘There are two ways in which shrinkage may be counter- 
acted. One method is to feed metal into the casting while 


Fie. 32.— Dumb-bell casting with shrink hole in each ball. 


\| is solidifying. The other is to chill the heavy sections of 
(he casting, so as to cause them to solidify as quickly as the 
lighter sections. If all parts of the casting solidify in 
ibout the same time, there is not much danger that shrink 
holes will be formed, but if one part solidifies much sooner 
(han another, there is great danger that shrink holes will 
exist in the part that hardened last. 

‘igure 32 shows a dumb-bell casting with a shrink hole in 
each ball. It will be noticed that the shrink hole at B is on 
(he inside of the casting, with a shell of metal around it. 
‘his kind of shrink hole is common. It exists because the 
inetal becomes hard on the surface of the casting before it 
las solidified on the inside. The shrink hole shown at C 
is even more common. The metal remained fluid on top 
until the inside became hard, and the metal that was at C 
when the mold was poured was drawn into the casting to 
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make up for internal shrinkage. When a. casting 0 
the type shown solidifies, the handle A and the metal nex 
to the damp sand become hard first and, while so doing 
draw metal from the parts of the casting that are sti 
fluid. If the parts drawn upon cannot, in turn, dray 
metal from somewhere else, the shrink holes are bound 
exist. They can be prevented by feeding metal into t 
casting, as will be shown. 

To make a solid casting of the type shown in Fig. 32, th 
mold should be made with a feeder at each end, as shown a 
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Fig. 33.—Mold for dumb-bell. 


B and C, in Fig. 33. The handle A will solidify long befo 
the metal in the balls has solidified, and if the casting we 
fed from one end only, the other end would still have shrin 
holes because the metal in the handle, being hard, would 
not allow metal to flow from one end to the other. The 
connections between the feeders and balls, as shown at DD 
must be large enough not to freeze too quickly, and connee 
tions should be shaped so that there will be a fillet formed 
as shown at HE, in Fig. 34. Molders who have had very 


little experience in feeding castings often fall into the mistake 
of making the connections between feeders and casting sd 
small that the metal in feeders and casting is still fluid after 
When this is done, the feeders 


the connections are frozen. 
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will not perform the work required, and it would be better 
\| they were left off entirely. 

When the casting is taken from the mold, the two feeders 
will be attached, as shown in Fig. 34. Usually, feeders 
(hat have performed their function properly contain shrink 
liglos as shown, at either B or C, and the casting will be free 
from such defects. 

l’eeders may be placed on top of the casting, as shown in 
liv. 35. When so placed, the size of the feeder depends 


Fia. 34.—Dumb-bell casting with feeder attached. 


‘pon the length of time necessary for the metal in the 
wusting to solidify. Frequently, feeders that are too 
small are used, and they cause more damage than they do 
good. When a feeder placed on top of a casting solidifies 
hefore the casting does, metal will be drawn from the casting 
hy the feeder. On the other hand, if the feeders used on 
hig castings are made large enough for the metal to remain 
ii « fluid state until the casting has solidified, they have to 
he so large that their removal is very costly. 


CHURNING CASTINGS 


One of the greatest difficulties found in feeding castings 
in to keep the metal in the feeder in a fluid state until the 
castings are solid. This always has been a problem under- 
stood by few molders, and those who do understand it are 
(hose who have worked a great deal in jobbing shops or 
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where large castings are made. Feeding large casting 
successfully requires not only good judgment but a grea 
deal of experience. 

The term churning as applied to foundry work refers to 
method of agitating the metal after a mold has been poured 
A wrought-iron rod is pushed through the metal in th 


Fic. 35.—Mold gated from the bottom with feeder placed on top. 


feeder, down into the casting, and is then moved up an 
down continuously, being gradually withdrawn as the meta 
solidifies. In Fig. 35, A represents the feeder, B the casting 
and C the churning rod. 

A rod 14 in. in diameter may be used for a feeder 3 in. il 
diameter. A 3<-in. rod would be suitable for a 4-in. feeder 
For a feeder 6 in. in diameter, a feeding rod about 14 in. i 
diameter works well. For feeders larger than 6 in. i 
diameter, still larger churning rods must be used. Rod 


may be from 18 in. to 4 ft. long, the proper length depend: 


ing upon the height of the feeder and the depth of th 
casting. 
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A churning rod should be heated before it is inserted into 
‘he metal. Ifit is not heated, the metal surrounding it will 
Will and stick to it, making the operation of churning 
WMeult. 

!'o churn a casting properly, select two rods of the required 
‘is, One rod is sufficient for some castings, but it is well 
i) hve the second ready if the first becomes unwieldy due 
iy the weight and volume of the metal that will adhere to it. 
Where there are two feeders on the casting, two rods are 
joeessary, of course. Heat the rod before the mold is 
poured, After it is poured, watch the metal in the feeder. 
When it begins to show signs of freezing, gently push the 
hol churning rod through the feeder into the casting and 
survefully work it up and down. Do not strike the sides of 
the feeder, push the rod to the bottom of the mold, or push 
i} into a core. Continue to pour hot metal into the feeder, 
whenever the feeder begins to show signs of freezing, until 
(he casting is solid. By feeling the resistance offered to 
(he motion of the churning rod, it is easy to tell when 
»lidification is taking place and, therefore, at what time 
(he rod must be withdrawn. After the rod has been with- 
‘yawn, fill the hole in the feeder with hot metal. 


BREAKING GATES AND FEEDERS FROM CASTINGS 


(ates and feeders are generally broken from gray iron 
or malleable iron castings by striking the sprue or feeder a 
hurd blow with a hammer or sledge. It has been found in 
jractice that if the sprues and feeders are struck near the 
lop and toward the casting, they will break off better than 
| hit in any other way. When the gates and feeders are 
small, they usually break off even with the casting, but when 
they are large, there is great danger that they will break 
etal out of the casting. One must study the feeder or 
feeder connection, and if there appears to be any danger of 
breaking into the casting, a groove should be chipped in the 
looder near the casting to weaken it. Another good method 
iv to make the feeder a little larger next to the casting when 
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it is placed on top of the casting, or if a connection is ma 
between feeder and casting the connection should be ma 
a little larger next the casting, as shown in F ig. 34 at # 
The feeder should break on the dotted line, leaving on t 
casting about 1g in. of metal, which must be removed 
chipping or grinding. This method requires a little e 
work but is amply repaid by the prevention of scrap. 

When feeders and sprues are removed from steel or no 
ferrous metal castings they are sawed or chipped off or et 
off by means of the gas torch. 


QUESTIONS 


. What is meant by gating molds? 

. How large should gates be made? 

How is a common skimming gate made? 

When should skimming gates be used? 

. Describe the correct way to make a pouring basin. 

- When are pouring basins generally used? 

- Why should large molds be gated from the bottom? 

. Under what circumstances must a step gate be used? 
How can solidification shrinkage be prevented in castings? 
. In what part of the casting are shrink holes usually found? 
. What is a feeder? 

Why must there be more than one feeder put on some castings 
- What is meant by churning castings? 


_ 


— 
a 


ee 
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14. What are some of the important precautions to be taken wher 


churning castings? 
15. How are gates and feeders removed from castings? 


16. How is breaking into the castings prevented, when removing 


feeders? 


PART II 
| XERCISES IN BENCH AND FLOOR MOLDING 


CHAPTER VIII 
BENCH-MOLDING EXERCISES 


Small castings can be produced to better advantage if the 
jolds are made on a bench, assuming that suitable flasks of 
{hw proper size are used. Flasks about 16 in. square with 
‘in, depth of cope and drag are about as large as the aver- 
ie man can handle. 

\ flask of the proper size for the average college student 
fy handle on the bench is 14 in. square with 5-in. depth of 
rope and drag. For high-school students a flask about 12 
i, square with 5-in. depth of cope and drag is suitable. 
lhe snap flasks shown in Chap. 
Ill, igs. 8 and 4, or the flasks 
shown in Chap. III, Figs. 5 and 
1%, are usually used for bench 
molding. 

Iither a group of small patterns : 
wy one large pattern can be used! |f 
when making the molds that are 
to be deseribed. When a group 
af patterns is put into a flask, 
there should be 1 in. of sand 
lwtween the patterns, so that the 
mustings will not run together; 
whout 1 in. between patterns and 
flunk to prevent the metal from 
‘inning out at the joints; from 1 to 3 in. between the 
patterns and the bottom board to prevent burning; and 
from 3 to 5 in. over the pattern in the cope to resist pres- 
‘ire in pouring, to help hold up shrinkage, and to prevent 
(he sand from breaking through the cope when the mold 
jy poured. 


Fie. 36.—Wall-type molding 
bench and tool arrangement. 


63 
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A wall-type molding bench and tool arrangement 4 
shown in Fig. 36. They have been used with success 
school foundries. 

Figure 37 shows a typical portable molding bench, us 
for making molds on the bench in schools as well as in so 
commercial shops. In som 
foundries and for some class 
of work the wall bench 
best suited, while in oth 
cases the portable bench bh 
the preference. 

The bench-molding exe 
cises taken up in this co 
cover some of the fundame 
tal principles involve 
They take up the making 
molds in two- and three-part flasks, with and without tl 
use of dry-sand cores. Some of the molds will be made h 
rolling the flask, others by bedding the pattern in the sam 
instead of rolling. Some molds will be made with th 
castings differing from the patterns. 


Fia. 37.—Portable molding bench. 


EXERCISE 1. MOLDING FACE PLATES 


When studying the patterns for 
this exercise it will be seen that the 
draft runs in one direction, from A 
to B, as shown in Fig. 38. The molds 
must be separated on the parting 
line, which is at A. In the instruc- 
tions for making the mold it will be 
assumed that more than one pattern ‘A 
will be used. Fig. 38.—Face plate patter 


‘8 


Procedure in Molding 


Place the patterns and drag on the molding board, with the pi 
on the drag down, as shown in Fig. 39. Riddle molding sand over 
patterns to a depth of about 1 in., using a No. 6 riddle. Press t 
sand firmly around the edges of the patterns against the moldi 
board with the fingers. Shovel the drag heaping full of molding sa’ 
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«shown in Fig. 40. Peen-ram around the sides of the flask first and 
(hen in between the patterns. 


Fie. 39.—Pattern and drag placed on molding board. 


\gain fill the drag heaping full and butt-ram it nearly even with the 
vilge of the drag. With the straightedge strike off any sand that may 
lw above the edges of the drag. Punch vent holes, with a wire 146 


Fia. 40.—Drag filled heaping full of molding sand. 


i), in diameter, about 1 in. apart and reaching from the bottom of the 
(rig (now uppermost) to within 1 in. of the patterns, as shown at A, 
i) ig. 41. Throw sand, free from large lumps, over the drag to a 


Fia. 41.—Face plate drag rammed. 


epth of about 14 in. Rub the bottom board on the sand until it 
fie on the drag without rocking. Figure 41 shows the drag ready to 
hw rolled over. 


Fic. 42.—Face plate drag ready for the cope. 


Grasp the molding and bottom boards at the ends with both hands, 


holding the drag firmly between the two boards, and roll the drag 
vyer on the molding bench. Take off the molding board. Slick down 
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the sand with the trowel, to make a smooth parting.® With fl 
bellows, blow all loose sand from the drag. Sprinkle parting sand 
the surface of the molding sand in the drag. Blow all parting sa 
from the patterns. Figure 42 shows the drag ready for the cope. 


By) 


Fra. 43.—Cope and sprue set in making face plate mold. 


Place the cope on the drag and see that the pins fit into the socke 
Set the sprue pin halfway between the patterns, as shown in Fig. 
Sift sand to a depth of 1 in. over the patterns. Fill the cope heapi 
full of unsifted sand. Ram the cope just as the drag was rammeé 


Fria. 44.—Face plate mold rammed ready for cope to be lifted. 


Strike off the sand even with the top of the cope. Vent the cope, 
was done with the drag. Remove the sprue pin and cut the sp 
hole to a funnel shape at the top, as shown at A, in Fig. 44. Pack 
loose sand around the sprue hole with the fingers before lifting 
cope. Figure 44 shows the mold rammed, ready for the cope to 
lifted. 


Fie. 45.—Drag of face plate mold after cope has been lifted off. 
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|.ift the cope and place it on the molding board, with the impression 
‘akon from the drag uppermost. 


Fria. 46.—Cope of the face plate mold lifted from the drag. 


lifted, is shown in Fig. 45. The cope, properly placed, is shown in 
liv. 46. Blow off any loose sand that may be on the mold. Swab 


a = 
Maree BSS 


Fig. 47.—Face plate mold closed. 


the sand next to the patterns with water, being careful not to get it 
(oo wet. (Blowholes in the castings may result from wet sand.) 


Fig, 48.—Clamping face plate mold. 


Drive the draw spike into each pattern in turn, rapping on all sides 
of the spike to loosen the patterns. Draw the patterns from the sand 
curefully so as not to break the sand. If the sand does break, the 
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broken places must be repaired and all loose sand in the mold mus 


be cleaned out, using either the lifter or slick. If the lifter is dipped Procedure in Molding 
into water, the sand will stick to it better than if it is used dry. With Place the drag and patterns on the molding board with the pins 
the gate cutter, cut the gates in the drag, deepening slightly that pa (lown, as shown in Fig. 52. Riddle molding sand over the patterns. 


of the gate into which the metal will enter from the sprue. The gate: 
should be about 44 in. deep and 44 in. wide. 

After the mold is patched and all loose sand has been cleaned out 
close the mold by placing the cope on the drag with the pins in the 
sockets, as shown in Fig. 47. 
the mold is made in a flask tha Fig. 52.—Pattern and es iets Re placed on molding board. 
remains on the mold while the mold i Pr 
poured, then it must be clamped 
together, as shown in Fig. 48. Bui 
if the mold is made in a snap flask 


is the sand into the inside of the patterns with the fingers to insure 
i core that will not be too soft. Fill the drag heaping full of molding 
wind and ram, as in Exercise 1. Strike off the excess sand, vent the 


Fria. 49.—Face plate mold Fie. 50.—Face plate cast- 
made: in snap flask ready for ing with sprue and gate 
pouring. attached. 


the flask must be removed and a slip jacket put over it and then 
a weight put on top before it is poured. The snap-flask mold weighted 
down is shown in Fig. 49. Ita. 53.—Cope and sprue set when making hexagonal nut mold. 

The casting as taken from the mold, with the gate and sprue 
attached, is shown in Fig. 50. Castings of the size usually made on & 
bench and in a snap flask should remain in the mold from 10 to 30 
min. before the mold is broken up. 


EXERCISE 2. MOLDING HEXAGONAL NUTS 


The pattern of a hexagonal nut is shown in Fig. 51. It is made in 
such a manner that it forms its own 
core, which remains in the drag 
when the pattern is drawn. The 
draft on the pattern is in one diree 

yg is tion, from A to B, and the parting 

( should be made at A. The procedure 
in molding is similar to that followed 

Se, in the first exercise, but there are 
some differences. One or more pai 

Fig. 51.—Hexagonal nut terns can be used for the exercise 

pattern. but it will be assumed that more 
than one pattern is used. 


rag, and sprinkle loose sand over it to a depth of about 144 in. Rub 
(he bottom down on the drag and roll it over. Take off the molding 
fourd. Before slicking down the parting, press the sand that is 


Fia. 54.—Hexagonal nut mold closed. 


\o form the core, and if it sinks down, as shown at C, in Fig. 53, 
(ill the depression with molding sand even with the top of the patterns, 
i shown at D. Make the parting and sprinkle parting sand on the 
drag. 
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Set the sprue pin between the patterns and ram the cope. Lev 
the sand even with the top of the flask, vent, remove the sprue p 
and cut a sprue hole of funnel shape. Lift the cope and place it 0 
the molding board with the face up. Blow all loose sand from th 
drag and swab around the patterns, being particularly careful not t 
dampen the green-sand core too much. With the vent wire punch 
hole through the core, as shown at H, in Fig. 54, from the top down to 
the bottom board. (It is very important that the green-sand core 
be vented.) Rap and draw the patterns. Cut the gates, as in th 
first exercise. Close the mold. Clamp or weight it down before 
pouring. 


EXERCISE 3. MOLDING BALL HANDLES 


The pattern used in this exercise is shown in Fig. 55. The parting 
line on the patterns is at A, the draft extending in both directions 
When the draft on a pattern extends in both directions it is good: 
practice to have the parting line even with the joint of the flask, 

This may be accomplished by plae- 
_, ing two strips of wood, about half 
A the thickness of the pattern, be 


tween the drag and the molding 
Fia. 55.—Ball handle pattern. hoard 


Procedure in Molding 


This exercise should be begun by placing the pattern and the drag 
on the molding board with the two strips of wood under the drag, as 
shown at AA, Fig. 56. The drag is then rammed, as in the preceding 
exercise. After the drag is rolled over, remove the strips and molding 
board from it. Make the parting by cutting away the sand from the 


Fia. 56.—Pattern and drag placed on molding board. 


edges of the flask to the parting line of the pattern. One-half of the 
pattern will then be above the drag, as shown in Fig. 57. Set the sprue 
and cope, as shown in Fig. 58. Ram and vent the cope. Lift the 
cope and place it on the molding board. Blow all loose sand from 
the drag. Swab, rap, and draw the pattern. Cut the gate, as 
shown in Fig. 59. 
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When making a mold of this type, the sand in the cope may become 
fvoken in places. Such breaks can be repaired easily by placing the 
pattern into the impression in the cope and patching around it. 
\f‘er the mold is finished, close it. The mold is shown closed in 
Vig. 59. 


; Fia. 59.—Mold closed. 


EXERCISE 4. MOLDING AN OIL-DRIP CUP 


‘The pattern of the drip cup, shown in Fig. 60, has its parting line at 

|, The mold may be made by having the pattern in either the cope 
or the drag. When made with the pattern in the drag, the sand on 
(he inside of the pattern has to be lifted with the cope, an operation 
(hat is more or less troublesome on account of the tendency of the 
»und to stick in the pattern. A better method is to place the pattern 
on the molding board and ram the cope first. Then the sand on the 
inside of the pattern will he in the drag and will not have to be lifted 
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out with the cope. This method of molding will be followed in th 
instructions. 


A 


Fra. 60.—Drip cup pattern. 
Procedure in Molding 


Place the pattern, cope, and sprue on the molding board, as shown 
in Fig. 61. Sift sand over the pattern. Fill the cope with sand and 
ram, as in the preceding exercises. Vent, draw the sprue pin, and rol 
the cope over. Make the parting and sprinkle parting sand over the 


Fig. 61.—Pattern, sprue, and cope placed on molding board. 


cope. The parting sand that falls into the pattern must be blown out: 
Place the drag on the cope, as shown in Fig. 62. The molding 
sand must be kept out of the sprue hole when ramming the drag. To 
do so, press a handful of molding sand into a ball about 3 in. in diam 
eter, break the ball into halves, and place one half over the sprue hole, 
Sift sand over the pattern and ram the drag, as in the preceding 


eR 


4 


Fic. 62.—Drag placed on top of cope. 


exercises. Vent the drag and roll the mold over. Figure 63 shows 
the mold ready to be rolled over. 

After the mold is rolled over, lift the cope and place it on the mold- 
ing board. Blow all loose sand from the mold. Swab, rap, and draw 
the pattern. Cut the gate in the cope about 114 in. wide and not 
more than 1% in. deep. (The size of the gate must be regulated 
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wecording to the thickness of the metal in the casting.) Clean all 
loose sand out of the mold. Figure 64 shows the mold closed. 


SSS 


Fie. 64.—Mold ready to pour. 
EXERCISE 5. MOLDING A FLANGED ELBOW 


‘The pattern used in this exercise is shown in Fig. 65. The pattern 
is split on the parting line. The parts are held together by means of 
dowel pins in one half of the pattern and dowel-pin holes in the other. 
‘The casting is to have a hole through it, which should be made with a 
dry-sand core. The pattern has two projections, A and B. These 
projections are called core prints and are used for locating the core 
and holding it in place when the mold is poured. One or more 
patterns can be used for the exercise, depending upon their size. 


Procedure in Molding 


Place the drag and that half of the pattern containing the dowel-pin 
holes on the molding board, as shown in Fig. 66. Cover the pattern 
with sifted sand. With the fingers press the sand in between the 
flanges at Z. Ram the drag and roll it over. Slick down the parting 
on the drag and blow off all loose sand. Place the cope half of the 
pattern on the drag pattern, with the dowel pins in the dowel-pin 
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holes. Sprinkle parting sand on the drag after the cope pattern 
placed. Set the sprue, as shown in Fig. 67. Ram the cope, vent i 
and draw the sprue pin. Lift the cope and place it on the moldin 
board. Swab, rap, and draw the 
vattern from the drag and also the 
cope. Cut the gates and set the dry- 
sand cores, as shown in Fig. 68. The 
sore gas, freed when the mold is 


Fic. 66.—Pattern and drag 
placed on molding board. 


Fig. 65.—Pattern C and casting D 
of flange elbow. 


poured, must be let out of the mold. This can -be done in two ways 
either by punching holes through the cope at the end of the co 


Fic. 68.—Drag with gates cut 
and cores set. 


Fie. 67.—Cope-half pattern 
and sprue set in place. 


prints, or by running small channels from the core prints to the joint 
of the flask, as shown at . Close the mold and prepare it for pouring 

Note.—There is danger that the sand between the flanges will 
drop when the mold is closed. To prevent such an occurrence, 
provide reinforcement by pushing a nail into the sand between the 
flanges before the pattern is rapped but after the cope is lifted from 
the drag. 


EXERCISE 6. MOLDING A PULLEY 


The pulley pattern used in this exercise is split on the parting line 
as shown at AA, Fig. 69. 
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Procedure in Molding 


l'‘luce the drag and that half of the pattern containing the dowel-pin 


holon on the molding board, as shown in Fig. 70. Cover the pattern 
eth sifted sand and fill the drag heaping 
fill of unsifted sand. Ram the drag as in 
tie preceding exercises and roll it over. 
‘lake the parting and place the sprue, cope, 


ul pattern, as shown in Fig. 71. Ram 
the cope, lift it from the drag, and place it Fra. 69.—Pulley pattern. 
») the molding board. Swab and rap the 

pilterns in drag and cope. Draw the patterns and cut the gate. 
‘1 (he core and make a channel for the escape of the core gas through 


Fic. 72.—Mold closed. 


the cope, as shown at B, Fig. 72. Close the mold, as shown by the 
some illustration. 


76 FOUNDRY WORK 


Note.—The sand on the inside of the pattern in the cope may h 
to be reinforced with nails, to prevent it from dropping out when 
mold is closed, especially if it is a little weak or if the rim of the patt 
is more than 1 in. deep. Nails about 1 in. longer than the wi 
of the haff-rim should be used. They should be pushed into 
sand after the cope is lifted but before the pattern is rapped, 
the heads are even with the sand. One nail between each two ar 
usually is sufficient for a small pulley, although more may be 
Nails too short may do more harm than good. 


EXERCISE 7. MOLDING A GOVERNOR PULLEY 


The governor-pulley pattern shown in Fig. 73 is split at AA. 
draft on the pattern runs from the top of flange B down to where 
pattern is split at A and from the bottom of flange C up to A. 
mold a pattern of this type it is necessary to make two partings, ¢ 


Fic. 73.—Governor pulley pattern. 


at the top of flange B and one at the bottom of flange C. This t; 
of casting can be molded in either a two-part or a three-part fla 
The three-part flask method will be described. 


SUED 
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Fie. 74.—Pattern and cheek placed on molding board. 


Procedure in Molding 


Place the pattern and cheek on the molding board, as shown 


Fig. 74. Ram the cheek, tucking the sand under the upper flang 


Make the parting and sprinkle parting sand on the cheek. Pla 
the cope and sprue pin on top of the pattern, as shown in Fig. 
Ram and vent the cope and draw out the sprue pin. Place a botte 
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hoard over the mold and roll the cope and cheek over. Remove the 
olding board, make the second parting on the cheek, after which 
‘iinkle parting sand on this side of the cheek. Place the drag, as 


EK) emma 


Fig. 76.—Drag placed on cheek. 


Fic. 77.—Mold ready to roll over. 


shown in Fig. 76. Ram and vent the drag, then lift the drag and place 
i on the molding board. Swab, rap, and draw the drag half of the 
juttern. Rap the cope half of the pattern and place the drag back 
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on the cope and cheek. Sprinkle molding sand, free from 
lumps, over the drag and rub the bottom board down. Roll the wh 
mold over. Figure 77 shows the mold ready to roll over. After 
whole mold is rolled over, lift the cope and place it on the mold 
board. Swab and draw the pattern from the cheek. Make the v 
hole A for the escape of core gas in the drag, as shown in Fig. 
Close the mold, as shown in the same illustration. 


Fie. 78.—Mold closed. 


Note.—When gating molds on top and running the metal down ne 
to the core, as is done in this exercise, it is better to let the core gi 
out of the mold at the bottom than the top, because there is danger 
the metal running into the core if the gas is taken off through 
cope. When taking the gas off at the bottom, the vent hole in 
top of the core should be closed so that the metal cannot run into 

The sand in the groove of the pattern must be lifted out with 
drag as well as the cope. This may cause some trouble, dependit 
upon the pattern and the size of the groove. Some of the trouh 
can be eliminated by setting a row of nails in the sand in the groo 
when the mold is made. 


EXERCISE 8 MOLDING A SHEAVE WHEEL 


The pattern shown in Fig. 79 is that of a rope pulley, genera 
called a sheave wheel. The pattern should be split, as shown at A 
Two partings have to be made, on 
at C and the other at B. Either 


In this exercise it will be shown ho 
to make the mold in a two-part flas| 
The cheek used is called a false cheel 
so named because it cannot be see 
after the mold is closed. 


Fig. 79.—Sheave wheel 
pattern, 


two- or three-part flask can be used 
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Procedure in Molding 


l‘lace one half of the pattern and the cope on the molding board. 
! the sprue pin on the hub of the pattern, as shown in Fig. 80. 


/ 
off 


lig. 80.—Pattern, cope, and sprue placed on molding board. 


ISSSSSS 


hover the pattern with sifted sand and fill the cope heaping full of 
ueitted sand. Ram the cope and vent it, then draw the sprue pin. 
Hiuce a bottom board over the cope and roll it over. Make the 
porting by cutting the sand down from the joint of the flask to the 


Fia. 81.—Parting made in cope. 


linge marked DD, in Fig. 81. Sprinkle parting sand on the cope and 
place the drag half of the pattern, as shown in Fig. 82. Sift molding 
wind over the pattern and tuck the sand into the groove EH. Then 
‘ike the parting from the top flange down to the joint of the flask, 


lta, 82.—Drag half of pattern in place. Cheek and parting made. 


w shown at FF, in Fig. 82. Blow all loose sand from the mold and 
sprinkle parting sand over the cheek and the cope. Place the drag, 
fom, and vent it. Lift the drag and place it on the molding board. 
Mwab and rap the drag half of the pattern. Draw the drag half of the 
pattern and rap the cope half before putting the drag back on the cope. 
l'Inve the drag on the cope with a board on top. Roll the whole 
wold over. Lift the cope and place it on the molding board. Swab 
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around the cope half of the pattern and draw it without rapp 
Make the vent hole for the escape of core gas through the drag, 
shown at G@ (Fig. 83). If the vent hole in the core is open at the 


Fig. 83.—Mold closed. 


close it with molding sand and then set the core. Close the mi 
as shown in Fig. 83. 


EXERCISE 9. MOLDING A BEVEL GEAR 


The pattern and casting to be made are shown in Fig. 84. I 
advisable to have the parting even with the joint of the flask. To 


“fi 


Fic. 84.—Bevel gear pattern and casting. 


this, it is necessary to ram a false cope, then embed the pattern to 
parting line, as shown in Fig. 85. 


Procedure in Molding 


Place the part of the flask that is to be used for the cope on 
bottom board with the pins up. Ram it full of molding sand. 
out some of the sand where the pattern is to be placed, then em 
pattern to the parting line, even with the joint of the cope, as sho 
in Fig. 85. Place the drag; then sift molding sand over the pattern 
cover it. Fill the drag heaping full of sand, and ram it. Vent ¢ 
drag, and place the bottom board on it. Roll the mold over, and 
the cope from the drag. Shake the sand from the cope. Make 
parting as shown in Fig. 86. Sprinkle parting sand over the dr 
Place the cope and sprue pin. Ram and vent the cope. Rem 
the sprue pin, and lift the cope. Swab, rap, and draw the patte 
Make the vent hole for the escape of the core gas through the dr 
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Mel the core, and shake some graphite on the mold. Figure 87 shows 
‘ie mold finished and ready to close. 


Fic. 86.—Parting made, cope and 
sprue set in place. 


fia, 85.—Pattern embedded in 
fulse cope at parting line. 


Fia. 87.—Mold finished, ready to be closed. 


EXERCISE 10. PATTERN EMBEDDED 


‘The method of molding by bedding the patterns in the sand is not 
jwod so frequently as the rolling method. Because of the shape of the 
jillern, time may sometimes be saved by bedding, although this 
ethod usually requires more skill than the rolling method. Some 
pallerns may be merely pushed into the sand, while with others, some 
»{ the sand must be removed before bedding. In the following 
)sercise, a very simple problem will be taken up. 


Procedure in Molding 


lace the drag with the pins upward on the bottom board, as shown 
i) Nig. 88. Fill the drag within 14 in. of the top with unsifted sand. 
!von-ram the sand around the flask but not where the patterns are to 
lw placed. Sift sand over the drag and level it even with the top of 
iw flask. Place the patterns on the sand and press them down until 
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their tops are even with the top of the drag. With the fingers t 
the sand firmly under the patterns. Peen-ram around the patte Procedure in Molding 


then fill in around them with sifted sand. Peen-ram the sand up Place the pattern and drag on the molding board with the pins 


own. Lay the two strips of wood AA between the molding board 


Fig. 88.—Bottom board and drag placed for bedding in face plate. 


it is even with the top of the pattern and the drag. Make a so 
parting and sprinkle on the parting sand. Set the sprue and co 
as shown in Fig. 89. Ram the cope and vent it. Lift the cope ™ 


Fic. 91.—Cope and sprue set on drag. 


wid the drag, as shown in Fig. 90. Sift sand over the pattern and 
ram the drag. Roll the drag over, remove the molding board, and 


Fia. 89.—Cope and sprue set. 


place it on a board. Vent the drag by running holes under f Fie. 92.—Sand cut down around the pattern. 


patterns with a curved vent wire, as shown at A. Swab, rap, 4 
draw the patterns. Finish the mold as in the preceding exereis 


EXERCISE 11. THINNING A PLATE 


In this exercise will be explained one method of making a mold 
a plate to be much thinner than the pattern. Suppose that ft 


juke the parting. Set the sprue pin and the cope, allowing the 
strips of wood to remain on the drag and the cope to rest on them, as 
sliown in Fig. 91. Make the cope, as in the preceding exercises. 


. 90.—D : 
Fre. 90 rag and pattern placed on molding board Tra, 30,2 hiaid etpeed: 


pattern is 1 in. thick and the casting is to be 14 in, thick. It will After the cope is lifted, remove the strips of wood, and cut down the 
necessary to lay two strips of wood about }4 in. wide and 7¢ in. thit ind around the pattern level with the top of the drag, as shown in 


between the drag and cope. Vig. 92. Swab, rap, and draw the pattern. Cut the gate. Before 
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closing the mold, put some parting sand or wheat flour on the dr 
near the flask to insure a tight joint. 

After the mold is closed, the cope should be lifted again to observ 
whether or not the sand in the cope touched the sand in the drag a 
all points. If there are spots on the cope showing that the joints di 
not come together, more sand and flour must be added to the drag an 
the process repeated until the bearing is complete. 

To prevent the metal from running out between the cope and drag, 
which is likely to happen with this type of mold, tuck wet sand o 
damp clay into the joints after the mold is closed but just before it i 
clamped. Figure 93 shows the mold closed. 


EXERCISE 12. A PULLEY MOLD THAT PRODUCES A CASTING 
THAT DIFFERS FROM THE PATTERN 


The pattern used for this exercise may be the one used in Exercise 6 
or some other pattern may be used. The casting wanted from th 


Fia. 95.—Pattern, cope, and sprue set on drag. 


mold should have a hub that is longer than the hub of the pattern, 
the rim should be wider, and the arms should have the same thickness. 

To make the mold it will be necessary to use two strips of wood 
about 4 in. square and with a length equal to the diameter of the 
pattern. 


Procedure in Molding 


Place the pattern and the drag on the molding board, with the 
two strips of wood AA under the pattern, as shown in Fig. 94. Make 
the drag, as in the preceding exercises. After the drag is rolled over, 
remove the strips. The pattern must now be brought up level with 
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(he top of the drag. This can be done by drawing the pattern up and 
josting it on the sand that was between its arms. Build up around 
(he pattern with sifted sand until pattern and sand are even with 


Fia. 96.—Mold closed. 


the joint of the flask. When tucking the sand around and under the 
pattern, do not exert enough force to break in under the hub or the 
tim. After the pattern is even with the top of the drag and the sand 
i» built around it firmly, make the parting. Set the sprue pin and the 
rope half of the pattern. Sprinkle parting sand on the drag and 
place the cope, as shown in Fig. 95. The cope can be made as in 
Iixercise 6. After the pattern is drawn, the molder should look 
‘lown into the impressions of rim and hub to see if they contain any 
mind. If they do, the sand must be cleaned out and the mold repaired. 
Cut the gate, set the core, and arrange for the escape of core gas at the 
top of the mold as shown at B (Fig. 96). Figure 96 shows the mold 


dlosed. 


EXERCISE 13. MOLDING A CONE-PULLEY CHUCK 


‘The cone-pulley chuck pattern shown in Fig. 97 should be made 
with the core print B and the lugs CC loose on the pattern. The lugs 


Fie. 97.—Pattern of cone-pulley chuck. 
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should be held in place with either nails or pins, as shown at DD. T 
parting line on the pattern is at AA. The mold can be made in 
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Fia, 98.—Pattern and drag placed on molding board and shown partl 
rammed. 


Fie, 99.—Mold closed. 


two-part flask. When beginning the mold, the core print B should 
be taken from the pattern. 
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Procedure in Molding 


Place the pattern and drag on the molding board, as shown in Fig. 
is. The lugs CC must be held against the main pattern when the 
wind is packed around it, or sand will get between lugs and pattern 
vnd cause trouble later in drawing. After the sand is tucked around 
(he pattern, put a layer of sand about 5 in. deep into the drag and 
ram, being careful not to strike the pattern. After the sand is 
rummed, dig down to the lugs and draw out the pins DD. Fill in 
with sifted sand the holes which have been made in digging. Fill 
and ram the drag in the usual way and roll it over. Ram the cope, 
wv in the preceding exercises. After the cope is lifted, swab, rap, 
and draw the main part of the pattern, the lugs CC remaining in the 
iiold. Then draw the lugs out sidewise. 

Cut the gate and set the core H, taking the vent from the core 
(rough the cope, as shown at F (Fig. 99). The mold may be gated 
with a common gate, or a skimming gate may be used, as shown at 
(/ in the same illustration. 


EXERCISE 14. THICKENING A PLATE 


In this exercise will be shown one method by which a casting can 
he made thicker than the pattern. 


Fig. 100.—Blocks, pattern and drag placed on molding board. 


Suppose a plate is to be made 2 in. thick from a pattern only 1 in. 
thick. It will be necessary to have some blocks 1 in. thick to place 
on the molding board under the pattern when beginning the mold. 


Procedure in Molding 


Place the blocks AA (Fig. 100) on the molding board and lay the 
pattern B on them. Place the drag and ram it in the usual way. 
\fter the drag is rolled, remove the blocks and all of the sand on top 
of the pattern. Draw the pattern, lay the blocks in the mold, and 
sot the pattern back in the mold again on top of them, as shown at 
{A (Fig. 101). Build up around the pattern with sifted sand eyen 
with the top of the pattern and drag, being careful not to ram the sand 
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in under the pattern. Make the parting and ram the cope in the usu 
manner, not ramming too hard over the pattern. After the patte 
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is drawn, remove the blocks and fill with sifted molding sand any 
impressions they may have left in the mold. Figure 102 shows the 
mold closed ready to clamp. 


EXERCISE 15. MOLDING A STRAIGHT TOOTH GEAR 


In making molds for straight tooth gears, much better results will be 
obtained if the sand around the teeth is thrown in by hand, to the 
correct degree of hardness, instead of ramming it with a rammer, 
After the sand is thrown into the teeth, the 
drag can be rammed up in the usual way. 


Procedure in Molding 


Figure 103 shows the pattern to be molded. 

_., Place the pattern and drag on the molding 
Fig. 103.—Pattern board. First sift the sand, then throw it 
for straight-tooth into the teeth of the pattern, and fill the drag 
gear, heaping full. Then ram in the usual way. 


BENCH-MOLDING EXERCISES 89 


toll the drag over, and make the parting as shown in Fig. 104. 
Mel a sprue pin next to the core print, and ram the cope in the 
iwual way. Take the cope from the drag, and turn it upside 
‘lown. Swab around the pattern, being careful not to get the sand 
wround the teeth too wet. Rap, and draw the pattern. Shake 


Fria. 105.—Mold ready to be closed. 


yraphite on the mold, and set the core. Make the vent hole for the 
wore in the drag. Figure 105 shows the mold ready to close. 


EXERCISE 16. MOLDING CUP, SAUCER, AND SPOON, 
IN ONE CASTING 


Using as a pattern a cup and saucer with a spoon standing in the 
‘up and casting them in one piece has been considered by foundrymen 
of many generations the real test of skill in the art of molding. Many 
liave tried it and made a failure of the job. A few have succeeded, but 
(hose who have solved the problem have kept their method of pro- 
vedure more or less secret. It is claimed that it is a rare occurrence 
\o find anyone who succeeded in the first attempt. 


Procedure in Molding 


The pattern and casting are shown in Fig. 106. Place saucer, 
sprue, and cope on the molding board as shown in Fig. 107. Ram up 
(he cope, vent, and draw sprue pin. Place board on the cope, and 
roll it over. Make parting around the edge of the saucer. Put 
parting material on the cope. Place cheek on the cope, and the cup 
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in the saucer. Put molding sand around the outside of the cup, also 
into the saucer to a depth of about 1 in., packing the sand lightl 
with the fingers. Then lay nails, about 314 in. long, on the sand 
between the cup and the saucer, placing them not more than 14 in, 


Bogus 


t 


Fie. 107.—Saucer and cope on molding board. 


Fic. 108.—Cheek rammed upon cope, with parting made. 


apart, points toward the center, heads on the outside edge. This will 
prevent the sand breaking when the mold is poured. Ram up the 
cheek, and put sand on the inside of the cup under the spoon, also 


build up sand under the handle of the spoon, as shown at A and B 


(Fig. 108). Make the parting around the spoon and also on the handle 
of the cup as shown at C (Fig. 108). Put parting around the cup 


BENCH-MOLDING EXERCISES 91 


lwndle, and make a little lifting plate of wood that will fit on the part- 
liu near the bottom of the handle. Put a wood screw in the plate 
long enough to come to the top of the cheek. Then fill the open- 
iin C (Fig. 108) with molding sand, and ram the sand even with 
ie screw in the lifting plate, as shown at D (Fig. 109). Put parting 


‘ia. 109.—Loose piece of sand Fie. 110.—Drag lifted from 
rammed around handle of cup. cheek. 


jiiterial on the cheek, and ram up the drag on the top of the cheek. 
|| is a good plan to put a few nails in the sand inside the cup. These 
should be long enough to reach nearly to the bottom of the sand in 
jhe cup, and project out of it into the drag about 2 to 3 in., to support 
ihe sand when it is lifted out of the cup. Ram up the drag and lift it 
from the cheek, as shown in Fig. 110. Draw the spoon from the cup, 


Fia. 111.—Drag lifted from cheek and cup pattern drawn. 


sud put a little flour paste on the sand inside the cup. Then place 
(he drag back on the cheek, and allow it to remain a few minutes, so 
(hut the paste will stick to the sand inside the cup. Lift the drag 
from the cheek again, and the sand in the cup that was under the 
spoon will adhere to the sand over the spoon in the drag, as shown 
ul & (Fig. 111). Lift out the loose piece of sand around the cup 
\wndle, as shown at F (Fig. 111). Rap the cup, turning it so that the 
\wndle will clear from the sand in the handle. After the cup is 
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drawn, put back the loose piece of sand, as shown at F (Fig. 1 
Put the drag back on the cheek, with the bottom board on 
Roll the mold over. Lift the cope from the cheek. Draw the sau 
pattern from the cheek, as shown in Fig. 112. Close the mold, clan 
and pour. 


be 


Fic. 112.—Cope lifted from cheek and saucer pattern drawn. 


Note.—Although it is possible to pour such a mold in green sat 
better results will be obtained if the mold is either skin-dried 
baked before pouring. If the mold is to be baked, binding mater 
should be mixed with the sand before the mold is made. 


CHAPTER IX 
FLOOR-MOLDING EXERCISES 


‘The term floor molding indicates that the molds are to be made on 
(he foundry floor instead of on the bench. A molder may be ever 
» «killed in making molds on the bench but still have many things to 


learn about making floor molds 
which will produce good castings. 2 
_—————— 
- ——_———— 
eAaWNs A 


Ihere are many tools and appli- 
vices used in floor molding that 
Fia. 113.—Cone-pulley pattern. 


‘ifler from the equipment used 
i) bench molding, and the molder 
tiust be able to handle them prop- 
silty to be successful. For floor 
work, the rammer shown at B (Fig. 16) should be used instead of the 
hench rammer. 


EXERCISE 17. MOLDING A CONE PULLEY 


‘The cone-pulley pattern (Fig. 113) selected for this exercise is so 
largo that it cannot be made successfully on the bench. The draft 


Fia. 114.—Cone-pulley drag rammed. 


jwually runs in one direction on cone pulleys, so that they can be 
wolded in a two-part flask. The parting line is the largest part of 
jw pattern, AA in the illustration. 


Procedure in Molding 


lace the pattern and drag on the molding board, as shown in Fig. 
{\1, Sift sand over the pattern and fill in a layer of sand about 5 in. 
93 
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deep. Ram the layer of sand, then fill in another and ram it. Ce 
tinue filling in about 5 in. of sand at a time and ramming until f 
drag is completed. Strike off the excess sand and vent the d 
Sprinkle sand over the drag about 44 in. deep. Rub the bottom bo: 


Fic. 115.—Cone-pulley drag ready to roll over. 


on the drag, seeing that it rests firmly without rocking. Put on two 
more clamps, as shown in Fig. 115, and roll over. Remove the clam) 
and molding board from the drag and make the parting. Sprin 
parting sand on the drag and place the cope and sprue, as shown 


Say 
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Fig. 116.—Cope and sprue set. 


Fig. 116. Sift sand over the pattern, tucking it under the bars wil 
the fingers. Fill sand in between the bars about 5 in. deep and pee 
ram. Fill the cope heaping full between the bars and butt-ram, beii 
careful not to strike the bars. Strike off the excess sand and ver 
Take out the sprue pin and cut the top of the opening to a funr 
shape. Lift the cope and set it on a wooden box or a pair of trestl 
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Fig. 117.—Cope placed on trestle. 


rene <2 © 
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Fig. 118.—Core set in drag. 


Fia, 119.—Mold closed. 


95 
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as shown in Fig. 117. Blow all loose sand from the mold. Sw 
rap, and draw the pattern. Cut the gate and set the dry-sand ¢ 
B, as shown in Fig. 118. Take the vent off through the cope, as in 
cated at C (Fig. 119), which shows the mold closed. 


EXERCISE 18. MOLDING A GAS-ENGINE FLYWHEEL 


When the weight of the flywheel casting is more than 50 lb. 
it is required that the sand peel from the casting readily, it is a ga 
plan to put a sea-coal facing mixture next to the pattern. A mixti 
composed of 10 parts sand and 1 part sea coal works well on casti 
weighing from 50 to 500 Ib. 

Small flywheels can be made without feeders, but for large 
wheels feeders are necessary. In some cases, one feeder onl 


Fig. 120.—Drag and pattern placed on molding board. 


required to hold up shrinkage; but in others, more than one fee 
must be used to secure solid rims. In this example two feeders will 
used. 


Procedure in Molding 


Place the pattern and drag on the molding board, as shown in F 
120. Sift the facing over the pattern to a depth of about 1 in. 
fill the drag with common heap sand to a depth of about 5in. Pe 
ram the sand between the pattern and the drag, but do not*ram o 
the pattern. Fill the drag heaping full and step the sand down y 
the feet. Then butt-ram firmly between the pattern and the d 
and lightly over the pattern. Heavy ramming over the pattern m 
cause the casting to be scabbed. 

Strike the sand off level with the drag and vent carefully. Sprin 
molding sand over the drag to a depth of about 14 in. and rub 
bottom board down so that it will lie firmly. Clamp and roll 
drag. Remove the clamps and molding board. Make the parti 
sprinkle on the parting sand, and blow all parting sand from 
pattern. Sift a layer of molding sand over the drag to a depth 
about 14 in. before placing the cope. The molding sand that fi 
on the joint of the drag should be cleaned off before the cope is plae 
Wet the inside of the cope with a thin layer of clay wash. 

Set the cope, sprue pin B, feeders A, and gaggers 1, 2, 3, 4, as sho 
in Fig. 121. Sift sand over the gaggers and tuck it firmly in under 


FLOOR-MOLDING EXERCISES 97 


barn C. Fill the cope with unsifted sand to a depth of about 5 in. 
sod peen-ram between the bars, being careful not to strike the gaggers 
the bars. Fill the cope heaping full between the bars and butt- 
fin, being careful not to ram over the bars, because of the danger of 


ZEEEG, 
Fig. 121.—Mold rammed up. 


\wnening the sand under the bars. Vent the cope and cut the pouring 
hein, as shown at D, in Fig. 122. Draw the sprue pin and feeders. 

Lift the cope and set it on a box or pair of trestles. Blow all loose 
wad from the mold. Swab, rap, and draw the pattern. Cut the 
fyeder connections, as shown at H. Put graphite facing on the mold 


Fia. 122.—Mold closed. 


sud brush it with a camel’s-hair brush, or rub the graphite into the 
sud with the hand. Blow all loose graphite from the mold and set 
‘he core in the drag. Make the vent channel for the core gas to 
+eaupe through the drag, as shown at F. Close and clamp the mold. 


!XERCISE 19. MOLDING A LATHE BED IN A THREE-PART 
FLASK 


‘he lathe-bed pattern shown in Fig. 123 has two parting lines, one 
«| 4 and the other at B. The pattern should be split at C. The pro- 
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jections marked D represent core prints. ‘This type of pattern 
be molded in either a two- or a three-part flask, but it is considel 
better practice to use a three-part flask, and this procedure is folloy 
here. To assure a clean casting the mold will be gated from 
bottom. 


Dd. 


a 


Fig. 123.—Lathe-bed pattern. 


Procedure in Molding 


Place the pattern and drag on the molding board, as shown in Ff 
124. Lay two strips of wood AA between the molding board and 
drag. This is done to raise the drag even with the parting line on t 


-pattern. Cover the pattern with sifted sand, then fill the drag he; 
ing full of unsifted sand, and peen-ram. Again fill the drag heapil 
full of unsifted sand, and butt-ram, being careful not to ram v 
hard over the pattern. Strike off the sand level with the top oft 
drag and vent. Put molding sand over the drag about 14 in. de 


and rub the bottom board down solid. Clamp and roll the d 
over. Remove the clamps, molding board, and strips of wo0 
Make the parting by cutting the sand down to the parting line on f) 
pattern. Sprinkle parting sand on the drag. 

Set the cheek, sprue, and top half of the pattern, as shown in 
125. Put sifted sand next to the pattern and fill the cheek level fi 
of unsifted sand. Peen-ram the cheek, then fill it heaping full 
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\insifted sand, and butt-ram. Make the parting and apply the part- 
in sand over the cheek. 

Clay wash the cope and set it on the cheek. Set the feeder B, as 
shown in Fig. 126. Sift sand into the cope and tuck it firmly under 
(he cress-bars. Fill the cope level full with unsifted sand, peen-ram 
helween the bars, then fill the cope heaping full, and butt-ram 


Fig. 126.—Cope placed on drag and cheek. 


hetween the bars, being careful not to ram over the bars. Strike off 
(he sand level with the top of the cope and vent. Draw the sprue pin 
wid feeder. Lift the cope and set it on a pair of trestles. 

Blow all loose sand from the cheek. Swab, rap, and draw the top 
lialf of the pattern from the cheek. Lift the cheek and set it on a pair 
of trestles without turning it over. Blow all loose sand from the 
(rag. Swab, rap, and draw the pattern from the drag. Cut the gate 
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Fie. 127.—Mold closed. 


in the drag but make the feeder connection in the upper part of the 
vheek, as shown at A in Fig. 127. Brush graphite on the mold and 
wet the cheek back on the drag. Set the dry-sand core C, taking the 
yas from the core through the cope, as shown at D (Fig. 127). Close 
(he mold and clamp, as shown in the same illustration. 


EXERCISE 20. MOLDING A STEAM-ENGINE PISTON 


It is customary when the casting of a steam-engine piston weighs 
nore than 50 Ib. to put a sea-coal facing next to the pattern. The 
mixture usually is composed of 10 parts molding sand and 1 part sea 
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coal; after the pattern is drawn, a graphite facing is applied before th 
dry-sand core is set. A casting of this kind should be clean and sound 
so that it is necessary to make use of a skimming gate and a feeder 


Procedure in Molding 


Place the pattern and drag on the molding board, as shown i 
Fig. 128. Cover the pattern with a layer of sea-coal facing to 


Fia. 128.—Pattern and drag placed on molding board. 


depth of 1 in. Put in a layer of heap sand to a depth of 5 in. and 
peen-ram between pattern and drag, being careful not to ram neare! 
than 1 in. to the pattern. Fill the drag heaping full of unsifted san¢ 
and tread this layer down with the feet. Butt-ram firmly over th 

sand between pattern and drag, but lightly over the pattern. Strik 
off the sand level with the drag. Put a layer of sand over the dra 

about 14 in. deep. Vent the drag and rub the bottom board do 


ses 
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Fig. 129.—Cope, sprue, and feeder set. 


solid. Clamp the board and drag together and roll over. Remoy 
the clamps and molding board, make the parting, and sprinkle on th 
parting sand. 

Sift a layer of sea-coal facing over the drag and pattern to a depth 
of about 34 in. Clean the facing sand from the edge of the flask 
Clay wash the cope and place it on the drag. Set the sprue pin 
the skimmer 2, the feeder 3, and the cope, as shown in Fig. 129. Sif 
sand into the cope to a depth of 2 in., tucking it firmly under the ba 
with the fingers. Fill the cope level full and peen-ram between th 
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urs. Fill the cope heaping full and butt-ram. Strike off the sand 
even with the top of the bars. Vent the cope and draw out the sprue 
pin, skimmer, and feeder. 

Lift the cope and set it on a pair of trestles. Swab, rap, and draw 
the pattern. Cut the gate and connect the feeder in the drag, but 
nuke the sprue and skimmer connection in the cope. Rub graphite 


Fig. 130.—Core set in drag. 


fucing on the mold with either the fingers or a camel’s-hair brush. 
\leasure for the length of the chaplets to be put into the drag. (This 
is usually done by running a vent wire to the bottom board from the 
hottom of the pattern, then allowing for the thickness of the metal 
wnd the depth that the chaplet is to be driven into the bottom board.) 
(‘ut the chaplets and point them. Drive the chaplets into the board, 
wllowing them to extend out of the sand the thickness of the metal, 


Fic. 131.—Mold closed. 


ii shown at AA (Fig. 130). Set the core on the chaplets. Cut the 
‘huplets to hold down the core. These chaplets should be long enough 
to stick out of the cope about 14 in. when the mold is closed and the 
thaplets are down on the core. Push the chaplets BB (Fig. 131) 
‘own through the cope and press the sand on top of the cope firmly 
around them so that they will not slide out when closing the mold. 

lace the cope on the drag to take an impression of the core prints. 
I'he impressions can be taken best by putting a little flour on top of 
the core before placing the cope. Lift the cope from the drag and 
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make the vent holes CC for the escape of core gas. (A little flo 
paste on the core around the vent holes will make a tight joint throug 
which the metal will not run into the vent of the core.) 

Close the mold and clamp it. Place wedges over the chaplets am 
secure them, as shown in Fig. 131. 


EXERCISE 21. MOLDING A MACHINE BASE 


A casting of this type can be molded in either a two- or a three-pa 
flask. The latter is more convenient. Two partings have to bh 
made, one at AA and the other a 
BB (Fig. 132). The mold is mad 
much more easily if the core print C 


be gated from the bottom flange; an 
if the pattern is more than 2 ft. high 


as will be shown in the illustration 
the procedure of molding. If th 
metal thickness is more than 34 in 
es 188 Baki ba oa the pattern should be covered with 

tern. sea-coal facing, consisting of 1 par 
sea coal and 10 parts sand. 


al 


Procedure in Molding 


Place the core print C and the drag on the molding board, ¢ 
shown in Fig. 133. Cover the core print and molding board wi 
sifted sand or with facing, if facing is used. Fill the drag heaping ful 
of unsifted sand and peen-ram; then fill it heaping full again an 
butt-ram. Cut the sand level with the drag. Sprinkle molding san 
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Tia. 133.—Drag and core print placed on molding board. 


on the drag to a depth of 14 in. and rub the bottom boa 
down. Clamp and roll the drag. Remove the clamps and moldin 
board. Place the pattern on the drag and core print, as shown i 
Fig. 134. Make the parting and apply the parting sand. 

Clay wash the inside of the cheek and place it on the drag. Plae 
the sprue pin D, which must be long enough to reach to the top ¢ 
the cheek. Sift sand over the drag 14 in. deep and set the gagge 
EF around the pattern, as shown in Fig. 134. Pack facing sam 
around the pattern about 1 in. thick and 6 in. high. Then fill in 


loose. A casting of this nature should 


it should be gated with a step gate 
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layer of unsifted sand 5 in. deep and peen-ram. Pack a layer of 
facing sand around the pattern, fill in with unsifted sand, and peen- 
rum. Each layer should be about 5 in. deep, and the filling-in and 
peen-ramming process must be continued until the cheek is rammed 


Fie. 134.—Cheek placed on drag. 


{o the top. The last layer of sand should be butt-rammed. Make 
(he parting and apply the parting sand. 

Clay wash the inside of the cope. Sift sand over the cheek and 
pattern and clean off any sand that is on the joint of the flask. Set the 


Fie. 135.—Cope and sprue set. 


vope, sprue pin F, and feeder G, as shown in Fig. 135. Set gaggers in 
(he cope if necessary, then sift a layer of sand into the cope about 1 in. 
deep, and tuck it under the bars firmly with the fingers. Fill the cope 
level full with heap sand and peen-ram between the bars. Then fill 
(he cope heaping full and butt-ram between the bars, being careful 
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Strike off the sand level with the top 
Lift the cope and set it om 


not to ram on top of the bars. 
and vent. Draw the sprue pin and feeder. 
a pair of trestles. 

Blow all loose sand. from the cheek and pattern, swab around the 
pattern and the sprue pin D in the cheek. Lift the cheek carefull 


Ratan! See 
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Fie. 136.—Mold closed. 


and set it on a pair of trestles. The pattern should remain on the 
drag and not lift up with the cheek; if the pattern starts to lift, rap ib 
on top until it stays down. 

Draw the pattern and core print from the drag. Cut the gate on 
the flange in the bottom of the cheek. Make the two sprue connee= 
tions on top of the cheek. Make the vent hole for the escape of the 
core gas in the drag leading through the bottom board, as shown at H 
in Fig. 136. Set the core first and then face the mold with a graphite 
facing, applied either with a camel’s-hair brush or by hand. Place 
the cheek back on the drag, taking care not to strike the core when 
lowering it. Close and clamp the mold, as shown in Fig. 136. 


EXERCISE 22. MOLDING A SUGAR KETTLE 


The pattern used to mold the sugar kettle in this exercise should 
have the ear pattern loose from the main pattern, and the ear pattern 
should also be split at B (see Fig. 137) so that it can be drawn from 
the sand. 

The mold can be made in more than one way, and the casting can 
be run from either the sides or the top. The best way to mold from a 
pattern of this type is to have the green-sand core in the drag, because 
it insures that the inside of the casting will be clean. By casting 
the kettle upside down the dirt will flow to the bottom of the kettle 
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(the top of the casting) where it will do little or no harm unless 
present in an unusual amount. 
Procedure in Molding 


Place the pattern and cope on the molding board, as shown in Fig. 
\87. Cover the pattern with sifted sand, and with the fingers tuck 


Fig. 137.—Pattern and cope placed on molding board. 


(he sand firmly around the ears AA. Fill the cope with unsifted sand 
lo adepth of 5in. Peen-ram between pattern and flask, being careful 
jot to ram the ears out of place. See that the pattern is covered with 
sifted sand and set a flat sprue pin on top of,the pattern, as shown at 
(in Fig. 137. Fill the cope level full and peen-ram; then fill the cope 
heaping full and butt-ram. Vent the cope and remove the sprue pin. 


brs y 


Fia. 138.—Drag get on cope. 


Sprinkle a bed of sand over the cope, place a board on it, and clamp. 
loll the cope over and remove the clamps and molding board. Make 
(he parting, clean all loose sand out of the pattern, sprinkle on parting 
sand, and rap the pattern. (By rapping the pattern at this time, a 
hetter lift of the cope will be had.) Place the drag, as shown in Fig. 
138. Fill the inside of the pattern with sifted sand and ram it lightly 
until it is even with the top of the pattern. Vent the sand on the 
inside of the pattern before ramming the drag. Fill the drag level full 
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wuy patching to be done on the cope, get under it to do the job. 
uw the pattern and cut the gate. Close the mold, as shown in Fig. 
110, and clamp it before pouring. 


and peen-ram; then fill it heaping full and butt-ram. | Strike off th 
sand level with the top of the drag and vent it. Sprinkle sand, fre 
from large lumps, over the drag and rub down the bottom board 
Clamp and roll the mold over. Remove the clamps and board from 
the cope. Lift the cope and set it on a pair of trestles. Blow al 
loose sand from the mold. Swab, rap, and draw the kettle pattern 
then draw the ear patterns. Face the mold with graphite. Clos 
and clamp the mold, as shown in Fig. 139. 


Fie, 140.—Mold closed. 


EXERCISE 24. OPEN-SAND MOLD 


l'lates that require only one smooth surface can be molded in open 
wud without the use of pattern or flask. Such molds are called 


Fig. 1389.—Mold closed. 


EXERCISE 23. LIFTING A DRY-SAND CORE 
OUT OF A PATTERN 


The pattern used in this exercise could be molded without the us@ 
of a dry-sand core, but if it were, the green sand on the inside of the 
pattern would be apt to break when the cope was lifted. No core 
box is needed because the pattern is used for a core box before the 
mold is made. 

When the core is made, lifting hooks, as shown at AA (Fig. 140), 
are placed in the core. After the drag is rolled, the core is placed 
in the pattern, and when the cope is lifted, the core is lifted out with it. 


Procedure in Molding 


Place the pattern and drag on the molding board, ram the drag, and 
roll it over, as in the preceding exercises. Make the parting and 
blow all loose sand out of the pattern. Place the core in the pattern, 
Run wires, strong enough to support the core, through the lifting 
hooks and through the cope, allowing them to stick out of the cope 
about 4 in. Ram the cope in the usual way. 

Before lifting the cope, place a bar B across it and fasten the wires 
as shown at C,tothe bar. Lift the cope and set it on a pair of trestles, 
without turning it over. (If the cope is turned over, the core is 
likely to slide to one side, which would spoil the mold.) If there is 


e 


Fia. 141.—Beginning open-sand mold. 


spen-sand molds. Their use is limited to a very few shapes. There 
wre different methods used in making open-sand molds, but in this 
exercise only one method will be shown. To make this mold, it is 
joeessary to have two guide boards, a straightedge, and a spirit 
level. 
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Procedure in Molding 


Build four mounds of molding sand on the foundry floor, as sho 
at A in Fig. 141. Place the guide boards B on the mounds and le 
them in both directions. Shovel sand between the boards. Ram 
sand as in ramming a mold, being careful not to ram the guides out 
place. 

Sift sand over the bed and ram it lightly, not depressing it bel 
the guide boards. Strike off the sand level with the top of the guid 
Test the bed to see that it is level, and if it is found to be out, drive t 
guides down a little, and test to see that they are level. Sift a lit 


Fie. 142.—Building up sides for open-sand mold. 


molding sand over the bed through a No. 6 or a No. 8 riddle. Slick 
sand down with a slick or trowel, being careful not to slick hard spe 
on the bed. 

Measure and mark off on the bed the size of the plate wante 
Then use the board C, shown in Fig. 142, to build up the sides of 
mold. ‘The board should have the same thickness as the plate to 
made. Figure 142 shows two of the sides built up. After the sid 
are built up, make the pouring basin, as shown at D (Fig. 143). 
basin should be built up a little higher than the sides of the mold, 
give pressure when pouring. Open-sand molds should be pow 
with metal a little hotter than that used for molds that are ma 
with a cope, because there is no sprue used to give head press 
Venting is done by running a long wire under the mold. The ve 
holes should be left open, as shown at EH (Fig. 148). After 
mold is poured and the metal has solidified, the casting should 
covered with molding sand, which should remain until the casting 
to be removed. 
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EXERCISE 25. SWEEP MOLDING 


Castings having circular forms can be made with sweeps instead of 
jullerns. When a few castings are to be made, if they are of such 


Fic. 144.—Sweeps, spindle, and spindle seat. 


juture that sweeps can be used, time can be saved in patternmaking. 
In this exercise, a bowl will be molded with sweeps. To make the 
wold it is necessary to have the two sweeps A and B, the spindle C, 
wd the spindle seat D, as shown in Fig. 144. 
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Procedure in Molding 


Place the spindle C in the seat D on the molding floor. Level 
seat so that the spindle is vertical. Level the floor with mold 
sand. Pack molding sand around the spindle and ram it as firmly 
a drag is rammed. Place the sweep A on the spindle, as shown 
Fig. 145, and revolve it to cut the sand to the desired shape, which 


Fia. 145.—Spindle and sweep set to sweep the sand for the outside of 
casting. 

Fic. 146.—Spindle and sweep placed for cutting down the sand to m 
the inside of the casting: 


the shape of the outside of the casting. Remove the spindle ap 
sweep. Put a plug of wood into the spindle hole to prevent the sar 
from falling into the seat. If the plug does not come even with 
top of the mound, sand can be put over the plug. Put parting san 
on the mound of sand. 


Fia. 147.—Mold closed. 


Clay wash the cope, set it over the mound, and drive stakes into t 
floor against the cope, as shown at FH (Fig. 147). These stakes tak 
the place of pins in guiding the cope when it is lifted. Set the gagge 


if gaggers are necessary. Place a flat sprue on top of the mound, and 
ram the cope, as in the preceding exercises. Care must be taken in 


ramming the cope not to ram the mound of sand out of shape. Ven 
the cope. Lift it and set it on a pair of trestles. 
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\temove the wood plug and replace the spindle, as shown in Fig. 146. 
\\l the sweep B, which is smaller than the sweep A, on the spindle 
vad revolve it to cut away the sand to give the required thickness of 
he metal in the casting. Remove the sweep and spindle. Replace 
the plug of wood F (Fig. 147) in the spindle seat and fill the hole left 
hy (he spindle with molding sand. Slick the sand in the cope and also 
i) the mound, taking care not to slick hard spots. Face the mold 
wiih graphite and replace the cope. Figure 147 shows the mold 
Hlowed. 

\ mold of this type cannot be clamped but must be weighted down. 
{he amount of weight necessary to be placed on the cope can be com- 
piled from the rule given on page 24. 

Vole-—Sometimes a green-sand core made in the manner described 
will cause blowing. The remedy is to place either a cinder or a coke 
fed on the floor under the mold, providing vent holes through which 
{lie steam and gases can escape. 


EXERCISE 26. PIT MOLDING 


Castings are sometimes made in a pit, instead of a flask. In some 
suves, the entire mold is made in the pit. In others, only the drag 
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lf is so made, an ordinary cope being used above ground. The 
practice of pit molding is carried on chiefly in making large castings 
jnd in jobbing shops where the cost of building flasks would not be 
justified. 

Complete patterns may or may not be used. Some molds are 
formed by the use of sweeps and part patterns. Others are built 
ip entirely of dry-sand cores. 
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Shops that practice pit molding regularly make permanent pi 
lining the sides with common brick. Shops that make only 
occasional pit mold usually fill the pit with molding sand after the 
is finished and use the space for molding floor. 


Procedure in Making the Mold 


A pit is dug in the foundry floor, large enough to allow for mak 
the mold and for making the vent bed of cinders or coke about 6 
deep, as shown at A (Fig. 148), under the mold. After the bed 
prepared, vent pipes are placed, as shown at B, extending out of 
pit from 4 to 6 in. The upper ends of the pipes are filled with wa 
to exclude sand when making the mold. 

A layer of molding sand is put on the vent bed and rammed. Yi 
holes are then run through the sand into the bed, as shown at 
Next, the pattern is embedded in the molding sand with the top e 
with the foundry floor. The gate core P is put in place, and a sp 
pin, long enough to come even with the top of the pattern, is set in 
the gate hole in the core. The sides of the mold are rammed in 
usual way, the parting is made, and the parting sand applied. 
cope, sprue, and feeder are placed, and the guides £ are driv 
The cope is finished in the usual way. The pattern and sprue pin 
drawn from the pit, the runner F and the feeder connection G are et 
and the drag is finished as in floor molding. The core H is set, ar 
the pipes running from the vent bed are opened. The mold must 
weighted down before pouring, because it cannot be clamped. Fig 
148 shows the mold closed. 


EXERCISE 27. MOLDING GAS-ENGINE CYLINDER 


When molding a gas-engine cylinder, as shown at B (Fig. 149 
much better results can be obtained if the mold is poured in 
; upright position, as shown 
Fig. 154. There are th 
main reasons why such a eas! 
ing should be poured from th 
end instead of from the sid 
as follows: 

1. The metal on the outsid 
of the casting over the wa 
jacket core is thin, and, if th 
casting is poured from th 
side, it fills last, resulting ip 
danger of misrunning the casting. If the mold is poured from thi 
end, the metal around the water jacket core will not be run last, and, 
therefore, much of the danger of a misrun is eliminated. 


E “ 


Fie. 149.—Gas-engine and 


pattern. 


cylinder 
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%, When the mold is poured from the end, the metal will run on 
both sides of the water jacket core simultaneously, lessening the 
‘onuer of breaking the jacket core. 
, When pouring the mold from the end, the thickest part of the 
ling will run last, doing away with misruns. It is also a well- 
teown fact that, while the metal in a mold is solidifying, if there is any 


Fre. 151.—Drag_ rolled 
with cope half of pattern, sprue 
and riser in place. 


over 


tiv, 150.—Drag and pattern on 
molding board. 


dirt in the mold, it will float to the top part of the metal in the casting. 
\swully a gas-engine cylinder like the one shown is machined, and, if 
» little dirt is in that part of the casting, it will be removed during 
‘ho machining, and a good cylinder made from the casting. 


Procedure in Molding 


‘The pattern and casting to be made are shown in Fig. 149. The 
Place the pattern and drag on 


pattern is split on the parting line. 
‘he molding board as shown in 
Niw. 150. Ram the drag in 
‘ie usual manner, and place 
ihe bottom board. The 
wwolding and bottom boards, 
the drag, should be 
‘lumped together before the 
‘img is rolled over. Remove 
and molding board. , . r 


lamp 
Make the parting, and embed 
(ie sprue and riser so that they 
will show on the outside of the end of the drag. Then place the cope 
\ulf of the pattern and sprinkle on the parting material. The sprue, 
‘wer, and cope pattern are shown in Fig. 151. Place the cope on drag, 
wid ram it up the usual way, but do not fill the cope with sand between 
(he end of the cope and cross-bar over the large @pre print on the 


Fic. 152.—Dry-sand core set in drag. 
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pattern. Instead, leave that partofthecopeopen. Lift the copef 
the drag, and turn it over; then lay it on the molding board. Nail 
sand in the cope around the pattern, to prevent its dropping y 
the mold is closed; also remove the sand in the drag that is bet 
the large end of the pattern and the flask. Swab, rap, and draw 
pattern. Cut the gate, and connect the riser. Shake graphi 
the mold, and brush it with a camel’s-hair brush. Set the core in 
drag as shown in Fig. 152. Push vent wires from the outside of 
drag into the vent holes in the large end of the core, and ram mold 
sand between the core and the end of the drag around the vent W 
Close the mold, and push vent wire from the outside of the cope i 


PART III 


PATTERN EQUIPMENT—STANDARD PATTERN 
COLORS—DESIGNING CASTINGS— 
MOLDING MACHINERY—METHODS 

USED IN MASS PRODUCTION 
FOUNDRIES 


Fie. 153.—Mold in upright 
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Fic. 184—Mold in upa 


position, with sprue, riser, and position, with pouring basin an 
pouring and flow-off box set flow-off basin made. 
in place. 


the vent holes in the cope half of the core; then ram sand against t 
core and inside of the cope around the wires to the top of the mo 
Put a little molding sand on top of the mold, and rub it down with 
board. Clamp the mold with a board on the top and bottom of tl 
mold. After the mold is clamped, draw the wires that stick out 
the end of the flask from the core. Raise the mold up on end, wil 
the sprue hole and riser opening on top. Put sprue and riser back 
sprue and riser hole, Set a runner box, and flow off basin box ¢ 
top of the mold, as shown in Fig. 153. Ram the boxes full of sand, ar 
cut the runner and flow off basin as shown at A and B in Fig. 15 
The mold is now ready for pouring. While the mold is being poure 
core gas will come out of it at the bottom. This should be burn 
as it comes out, so that there will not be too much of it accumula: 
under the mold, for this may cause an explosion and damage the mol 
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CHAPTER X 


PATTERN EQUIPMENT—STANDARD PATTERN 
COLORS—DESIGNING CASTINGS 


‘The patterns and pattern equipment needed for making 
vustings, differ very much. The manner in which a pattern 
i» made and the material that is chosen for the purpose 
ilepend not only on the shape of the pattern, but also on the 
limber of castings to be made from it. They are classified 
under different headings. 

Loose Patterns.—Figure 155 shows a group of loose pat- , 
lorns that may be made of wood, but, as wood patterns soon 


Fia. 155.—Loose patterns. 


hecome rough when in use and also warp easily, they are not 
so serviceable as metal. 

When only a few castings are to be made, a single wood 
pattern may be used to make the molds, but the process of 
molding from single loose patterns is very slow in com- 

Liz. 
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parison with molding from gated patterns and mate 
plates. Therefore, single wood patterns are not satisfactor 
for turning out a large number of castings. 

Gated Metal Patterns.—When metal patterns are to | 
made, a master pattern must be made first, of either wood ¢ 
some other material that is easily shaped. The mas 
pattern must be made large enough to allow for finish an 
double shrinkage, or the castings will be too small. 
allowing for shrinkage, there must be taken into considers 
tion the kind of metal from whie 
the pattern is to be made and th 
kind of metal of which the castin 
are to be made, because the shrink 
age of different metals is not th 
same. 

Metal patterns may be made 6 
aluminum, brass, white metal, 0 
iron. The best kind of metal t 
use for a given kind of patte 
Fie. 5 ea: metal pat- depends upon the size and shap 

of the pattern. Alloys with alu 
minum prod einsnauie are usually good metals to use foi 
small patterns, because they are not heavy and are easy 
machine. After the metal patterns are made and finished 
they can be attached to gates, as shown in Fig. 156. Th 
advantage of having the patterns fastened to gates is tha 
the gates and patterns can be rapped and drawn out of t 
mold in one operation. 

Follow Boards.—Much time can be saved in making 
mold by using a follow board instead of a flat molding board 
Figure 157 shows the follow board to use with the pa 
tern shown in Fig. 156. If a flat board were used to 
make molds from the type of pattern shown, much tim 
would have to be spent in making a parting. But with 
the use of the follow board, no partings need be cut, becaus 
the patterns lie in the board only as far as the parting line. 
When using a follow board, the patterns are placed on 
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und the drag is rammed in the usual way. After the drag 
is rolled over, the follow board is lifted from the drag, and 
(he parting is ready. The mold is then completed in the 
lisual manner. 

l‘ollow boards may be made of wood by carving the 
hoard in such a manner that the patterns will lie in it to the 
parting line, or they can be made of oil sand or plaster of 
paris. For small patterns, oil-sand followers are usually 
used. 

‘To make the oil-sand follower shown in Fig. 157, a frame 
(hat has the required depth for the pattern and a board 
(o fit the frame must be made. Then place the pattern and 


Fic. 157.—Follow board. 


drag on a flat molding board with the drag raised to be even 
with the parting line of the pattern. Ram the drag a little 
harder than is necessary in making a mold. Roll the drag 
over and cut down the sand around the pattern to the part- 
ing line. Dust some parting material on the pattern and 
drag. Lycopodium makes the best parting material for 
inaking oil-sand followers. 

A good sand mixture to use is made from burned sand 
that has been rattled from castings. Measure out the 
required amount of sand and mix it with litharge in the ratio 
of 1 part litharge to from 20 to 30 parts sand. Moisten 
the mixture with linseed oil, making it slightly damper than 
sand ordinarily used for molding and taking care not to get 
it too wet. 
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Place the frame on the drag and sift the oil-sand mixt 
over the patterns to cover them. Then fill the frame hea 
ing full with the oil sand and ram it about as hard as a mo 
is rammed. Strike off the sand even with the top of 
frame and fasten the board to the frame with wood secre 
Clamp the follower and drag together and roll them ove 
Lift the drag from the follower and clean all loose sand fro 
the patterns. Should the oil sand be rammed below 
above the parting line on the patterns, build it up or cut 
down. Rap the patterns and draw them from the follow 
carefully, so that the sand around them will not brea 
Slick down the sand that may have been loosened, 

The follower should be set in a warm place, where it wi 
dry in about 24 hours. After it is dry, give it two or th 
coats of thin shellac, which will make the sand stronger an 
more capable of withstanding wear. Oil-sand followe 
will last for many years in continual use if they are handle 
carefully. 

Match Plates.—Mounting patterns and gates on plates 
another method used to increase production. Pattern 
fastened on plates not only will increase production but als 
will hold their shape better than patterns not so fastened 
and usually the castings made from plated patterns a 
more uniform in size than those made from loose patterns 
The objection to mounting patterns on plates is the hig! 
cost, and therefore patterns are usually so mounted o 
when a large number of castings are to be made. 

Wood is sometimes used for the plates, but it is not ve 
serviceable because of its tendency to warp and crack 
Metal plates are the most serviceable. They may be mad 
of either steel or aluminum. Steel plates about 346 in, 
thick work well in some cases, and aluminum plates about 
14 in. thick are often used. 

Patterns mounted on match plates can be put into thre 
general classes: first, those that have the draft running in 
one direction from the parting line and that have a fla 
top surface. Such patterns can be fastened on one side of a 
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plate. Figure 158 shows a match plate with the patterns 
on one side and with the gates attached. When the mold 
is made, the pattern side of the plate is used in the drag. 
Second, patterns on which the draft runs in opposite 
directions from the parting line. Such patterns can be 
split on the parting line to 
obtain a flat surface. Then one 
part of the pattern is fastened 
on one side of the plate and the 
olher part on the other side with 
(he gates attached. When pat- 
{orns are mounted on both sides 
of a plate, great care must 
he exercised in mounting them 
wo that the patterns are directly 
over one another; otherwise there will be a shift in the 
custings. Figure 159 shows the drag side of a match plate 


Fie. 158.—F ace plate patterns 
mounted on plate. 


Fic. 159.—Drag side of match plate. 


with split patterns mounted, and Fig. 160 shows the cope 
side of the same plate with the cope side of the patterns 
fastened. 

Third, patterns having an irregular parting line and so 
shaped that they cannot be mounted on one side of a plate 
or be split on the parting line to obtain a flat surface. 
Vatterns with an irregular parting can be put on a plate, 
hut instead of the patterns being made first and then 
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fastened to a plate, the plate and patterns are molded 
one casting and finished for use by the metal patternmake 
The molding of match plates is a delicate job, requiring 


Fra. 160.—Cope side of match plate. 


very careful molder. 
work. 

Figure 161 shows a match plate with a propeller mounted 
A propeller has an irregular parting line, and a mold must 
be made to cast the pattern an¢ 
plate in one casting, which i 
then finished to be used as 
pattern. 

To Mold the Plate.—Select 
flask with good, smooth joints, 
about 4 in. wider and 12 in 
longer than the plate to be 
made. See that the pins fit thi 
guides without a shift. Place 
the cope on a board with the pins up. Fill the cope with 
sand and ram it about as hard as in ramming a mold, or @ 
little harder. Strike off the sand level with the joint of 
the flask. Embed the pattern in the sand to the parting 
line, centering it with respect to the sides and ends of 
the core prints. 

Place the drag on the cope and ram it in the usual way. 
After the drag is rammed, place the bottom board and roll 
it over, remove the cope, and shake it out. Now, carefull 


Very few molders understand th 


Fia. 


161.—Propeller match 
plate. 


Se 
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ike the parting and see that the sand is cut to the exact 
parting line on the pattern. Dust some parting material 
(lycopodium is the best) on the drag. Place the cope and 
wet one sprue at each end of the pattern about 3 in. from the 
end of the flask. Ram the cope, being careful not to ram 
ihe sand in the drag out of place. Lift the cope and place 
it on a board. If a slight quantity of the sand from the 
vope sticks down, it may be patched, but if the break is 


\'iq. 162.—Drag side of the mold, for molding the propeller match plate. 


large, it will be better to make a new cope, since the cope 
side must fit exactly when it is put back. 

A frame the size of the plate should be made and placed 
on the drag to build the sand around, as shown in Fig. 162. 
After the sand is built up around the frame, swab the sand 
next the frame and the pattern. Draw the frame and pat- 
(ern from the drag and cut the gate to run the plate and 
pattern, Also, cut the gate that is to run the casting when 
the plate is in use. Put a little thin flour paste on the drag 
before the mold is closed, that is, on the sand that was built 
up around the frame. This is done to make a tight joint 


after the mold is closed. Close the mold, but, before clamp- 
ing it, wet the outside of the mold at the joints with either 
clay wash or water, and tuck some wet molding sand in 
between cope and drag to improve further the tightness of 


the joints. 
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After the mold has been poured, the plate with the gat 
attached should be taken to the metal patternmaker f¢ 
finishing. 

Standard Pattern Colors.—-Much confusion and troub! 
can be avoided by the use of the Standard Pattern Color 
scheme for marking wood patterns. Painting the vario 
parts and surfaces of the patterns different colors in accor¢ 
ance with the chart which follows, enables the molder t 
determine from the pattern which part of it represents co 
prints and which part represents metal. He can also deter 
mine what part of the casting is to be finished, and what i 
to be left unfinished, and with this information, he can mak 
a better casting. 

1. Surfaces to be left unfinished are to be painted 
black. 

2. Surfaces to be machined are to be painted red. 

3. Seats of and for loose pieces are to be red stripes on 
yellow background. 

4. Core prints and seats for loose core prints are to b 
painted yellow. 

5. Stop-offs are to be indicated by diagonal black stripe 
on a yellow base. 

Heretofore, some patternmakers have used one color 
indicate core prints, etc., while others have used another, 
There have been many discussions by makers and users 0 
castings as to what colors to use on patterns to give thi 
molder the necessary information, with the result that 
the Standard Pattern Colors Chart has been adopted. The 
scheme reduces the number of mistakes, due to misunde 
standings, and also the loss of small loose pieces of patterns 
Sometimes, there being nothing to indicate to the molde 
that one or more pieces were missing, the castings have been 
made without them. Sometimes the part of the casting 
that should have been stopped-off, has been molded on the 
casting, making it useless, and wasting time and material 
Intelligent use of the Standard Pattern Colors scheme over- 
comes these difficulties and many others. 
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Designing Castings.—Care should be taken to design 
vustings in such shapes that the different sections have 
nearly the same metal thickness throughout. When 
oustings have very light sections and also heavy sections, 
much difficulty will be experienced in making them sound. 
\'izure 163 shows a cross section of a flywheel having both 
light and heavy sections. The metal in the light sections 
of the casting shown at 3 will harden much sooner than that 
in the heavy sections shown at 2. When the metal in the 
liht section solidifies, it will draw metal from the part of the 
casting that is still in the molten form, leaving either shrink 
holes or a porous condition in the vt section as shown at 


LL, 


Fia. 163.—Poorly designed casting. 


| and 2 in Fig. 163. When the contraction of the metal 
takes place in the casting, the arms or light sections shown 
al 3 are apt to break while cooling, or, if they do not break, 
the casting will have internal strains which will cause it to 
break under very slight shocks. The foundryman is often 
blamed when castings are produced that are defective 
hecause of internal strains, or that break while cooling, or 
(hat have shrink holes and porosity. In some cases he is at 
fuult, but in many other cases poor designing is the real 
cause of the defects. 

A better design for the flywheel casting is shown in Fig. 
\j4. The metal sections are more uniform in thickness, and 
the difficulties mentioned as resulting from the poor design 
shown in Fig. 163 are eliminated. Instead of making the 
hub solid, a dry-sand core should be used to make the 
opening through the hub, as shown at B. 
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Fillets.—It is very important that fillets, as shown at A ii 
Fig. 164, be included in all designs of castings having sha 
corners, especially those in which light sections join hea 
sections. The fillets change the sharp angles in the corner 


Fig. 164.—Properly designed casting. 


to curves, and there is less danger of cracks occurri 
during contraction of the metal. They also make th 
castings stronger. 


Note.—For more and detailed information regarding casting design: 
also pattern colors, read ‘‘Cast Metals Handbook,” 1940 edition 
published by The American Foundrymen’s Association, Chicago, 


QUESTIONS 


1. When are loose patterns generally used? 
2. Why not use loose patterns when making a large number of 
castings? 
. Give some reasons for using metal patterns. 
- Why are metal patterns fastened to a gate? 
. What is a follow board? 
. When are follow boards generally used? 
- What is a match plate? 
What advantages have match plates over gated patterns and 
follow boards? 
9. What is the difference between gated patterns, follow boards, 
and match plates? 
10. Name the three different standard pattern colors. 
11. Why should standard pattern colors be used? : 
12. Name some of the things that should be taken into consider- 
ation when designing castings. 
13. What troubles may develop when a casting has beth light and 
heavy sections? 
14. In what part of the casting is porosity usually found? 
15. Why should fillets be used in sharp corners when designing 
castings? 


CO NID cr ib Oo 


CHAPTER XI 
MACHINERY USED IN MOLDING DEPARTMENTS 


!‘oundries have the reputation of having been more or less 
huckward in the use of machinery for making castings. 
This was true some years ago, when compared with some 
other lines of industry. Hardly any industry, however, has 
aude greater progress in the use of machinery in the past 


Fig. 165.—Sand-cutting machine. 


10 to 15 years than the foundry. Most of the labor for- 
merly done by hand is now being done with machinery, 
especially in foundries where a large number of castings are 
made from the same pattern, 7.e., in mass production shops. 
‘The increase in casting production by machinery over hand 
molding is often as much as 400 per cent. Less skill is 
required in machine molding, and in many cases formerly 
requiring skilled molders, common laborers are used. 
Machine-molded castings made with good pattern equip- 
ment are usually much more accurate than those made by 


hand. 
127 
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There are many operations in making a mold by machin 
but the principal ones are handling and sifting the san 
ramming the molds, rolling the molds over, and drawi 
the patterns. For handling and sifting the sand, differe 
types of machines are used, namely, sand-cutting machine 
mold-filling machines, and automatic sand sifters. Tl 
kind of machine to select depends upon the individ 
foundry. Figure 165 shows a sand-cutting machine that 


Fig. 166.—Pneumatic sand sifter. 


widely used for tempering sand; Fig. 166 shows an aute 
matic, pneumatic sand sifter. 

Squeezer Molding Machines.—Small castings, former] 
made on a bench, are now made, for the most part, on 
machine called the squeezer. The molds are small enoug 
so that one man can handle them. The sand is rammed b 
squeezing it into the flask by means of the machine. With 
rapper attached, even patterns with difficult draws and lif 
can be molded. 

Squeezers are built in either stationary or portable types; 
operated by either hand or compressed air. A portabl 
hand-operated squeezer is shown in Fig. 167. A indicate 
the squeezer table, B the head or yoke, C the handle used 
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(0 squeeze the sand, and D the shelf upon which the flask 
jnd pattern rest. 

l‘igure 168 shows a portable, air-power squeezer. A is 
(he squeezer table, B the head or yoke, C the handle to 


So é sn 
Tia. 167.—Hand-squeezer type molding machine. 


Fia. 168.—<Air-power squeezer. 


open the air valve, D the rapper attached to the match 
plate #. A mold made on the machine is shown, the cope 
ut F, the drag at G. The air power needed ranges from 40 
to 80 lb. of pressure, depending upon the size of the flask. 


| 
. 
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The making of the mold on a squeezer is a very simp 
process. The match plate is placed between drag and cop 
which are set on the table of the machine, with the cop 
down. The drag is then filled level full of sand, and 
bottom board is put in place. The flask is rolled over h 
hand without squeezing. Then the cope is filled with sanc 
and a squeezer board is placed on the cope. The boar 
should be a little smaller than the inside of the flask, say h 
about 14 in., and should have a button fastened to it in sue 
a manner that it will be directly over the gate. This buttol 
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Fic. 169.—Pneumatic rapper. 


should also have the same shape as the funnel of the top 6 
the sprue. Then the yoke is pulled over the flask, and th 
drag and cope are squeezed in one operation. The yoke 
pushed back, the squeezer board removed, and the sp 
cut with the sprue cutter. Then the rapper is started ant 
kept going while the cope is being lifted. The cope is placed 
on the shelf. The match plate is drawn from the drag whi 
the rapper is kept in operation. The mold is then close¢ 
and set on the floor where it is to be poured. Anyone car 
learn to operate a squeezer molding machine within a ve 
short time. 

The rapper shown in Fig. 169 is operated by air from th 
machine, and is a great help in lifting the cope or drawi 
the pattern. It is the same rapper mentioned at D, Fig. 168, 
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Stripping-plate Machines——The main feature of a 
s(ripping-plate machine is that the pattern is drawn from 
(he sand through a plate, a very important operation with 
patterns that are likely to break the sand and on which very 
little or no draft allowance has been made. When such 
putterns are mounted on stripping-plate machines, there is 
io trouble in drawing them. 

In order to make some castings on a stripping-plate 
inachine, it is necessary to work the machines in pairs, 
inaking the drag on one machine and the cope on the other. 


: ‘ ud 
Fig. 170.—Stripping-plate machine with pattern in position. 

In Fig. 170 is shown a stripping-plate machine, with a gear 
pattern mounted in position for making the drag. The 
drag is placed on the machine and then rammed full of sand, 
after which the pattern is drawn down through the stripping 
plate, by the handle A, into the machine. 

When making small gears, the drag may be lifted from the 
machine after the pattern is drawn and then placed where 
the mold is to be poured. When making large gears, the 
drag should not be lifted from the machine, because the sand 
is apt to fall out. Instead, it is clamped to the machine, 
with the pattern not drawn, until the drag and the machine 
are rolled over together, with the machine on top of the 
drag, and placed where the mold is to be poured. Then 
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the pattern can be drawn, by the handle A, through 
stripping plate, up into the machine, as shown in Fig. 1 
after which the latter is placed for making more drags, 
When making gears, it is common practice to use str 
ping-plate machines for making drags, and then use roll-o 
jarring machines, shown in Fig. 176, for making copes, 


Fia. 171.—Stripping-plate machine with pattern drawn. 


Roll-over Machines.—There are several types of roll-ove 
molding machines in use. Some are operated by hand, 
while others are operated by air. Figure 172 shows 
hand-operated machine. This machine performs two of t 
principal molding operations, rolling over and drawing t 
pattern. 

In making a mold for a pulley, for example, the pattern 
is mounted on a match plate. Since the halves of th 
pattern are symmetrical, only a half-pattern is needed fo 
both drag and cope. As in most molding-machine practice 
little skill is required in operating the machine. 

Making the Mold.—Place the drag over the pattern 4 
supported on the plate C and ram it. Put a bottom board 
on the drag and clamp the board and drag to the plate 
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ltoll the plate and drag over to the other side of the machine 
where the bottom board will rest on the stand D, which has 
heen adjusted to the depth of the flask. Remove the 
clamps and draw the pattern by raising the plate C. Roll 
(he plate back into the position, as shown, ready for the 
next mold. Place the drag on the floor where it is to be 
poured, and set the dry-sand core. Place the cope over the 
pattern and set a sprue pin either on the hub or between 
(he arms. Ram the cope and roll it over as the drag was 


Fig. 172.—Hand roll-over molding machine. 


rolled. Draw the pattern from the cope as it was drawn 
from the drag. Close the mold and clamp. 

Jolting or Jarring Machines.—Molds that are too large 
to be squeezed may be made on a jolting machine. — Jolting 
machines usually are operated with about 80 lb. of air pres- 
sure. Large machines are usually placed in a pit on a 
solid foundation. 

Figure 173 shows a simple jolting machine. This machine 
performs only one operation—that of ramming. The drag 
and cope are rammed separately. 

The drag is filled heaping full of sand and set on the 
lable A. The air is then turned into the cylinder, which 
raises the table with the mold. When the table is up, the 
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air exhausts and the table falls, jarring the mold and packin 
the sand. The number of jars or jolts required depends 0 
the depth of the flask and the distance the table is raise 
or on the length of stroke of the machine. In some cases, I 
jars are enough to pack the sand to the right density; am 
in others, as many as 100 jars are required. 

After the drag is jarred, it is usually necessary to but 
ram the sand with either a floor rammer or an air ramme! 
The butt-ramming is necessary because the jar-rammin 


Fig. 173.—Air-power jar-molding machine. 


does not pack the sand so hard as is needed on top. Afte 
the ramming, the drag is taken from the machine and the 
pattern is drawn in the usual way. The cope is usually 
-made in the same manner. If it is necessary to set gagge 
to secure the sand, that operation must be taken care 0 
as the mold is being made. It has been found that gagge 
should be set farther from the pattern than if the mold were 
to be rammed by hand. About 14 in. is satisfactory. If 
the gaggers are set too near the pattern, they cause hard 
spots in the sand, which result in blowholes and scabs. 

Stripping-plate and Roll-over Molding Machine.—The 
shapes of some castings are such that more than one machine 
is required to make the molds. In some cases, three or 
four types must be used. 
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The fire-pot pattern used in the following illustrations 
is an example of a casting for which more than one type of 


Par perv en 


Fia. 175.—Stripping-plate machine and cope pattern mounted. 


machine is required. The drag is made on a roll-over 
machine, and the cope, on a stripping-plate machine. 
‘igure 174 shows the drag part of the pattern A mounted 
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on a plate which rests on the frame B. When the mold 
made, the drag C is placed over the pattern and ramm 
in the usual manner. It is rolled over with the machin 
on to the table D. ‘The pattern is then drawn with th 
machine and rolled back in position to receive the nex 
drag. ‘The drag is lifted from the machine, placed on th 
floor, and made ready to receive the cope. 

The cope side of the pattern is molded on the stripping 
plate machine, shown in Fig. 175. The pattern is fastener 
to a mechanism under the plate B and is drawn by means 6} 
the lever C. The cope is placed over the pattern A an¢ 
rammed in the usual manner. The operator then lowe 
the lever C and draws the pattern through the plate B. Th 
cope is then lifted from the machine and placed on the drag, 
and the mold is made ready for pouring. 


COMBINATION JOLTING, ROLL-OVER, AND PATTERN- 
DRAWING MOLDING MACHINES 


For some molds, a combination molding machine can b 
used. What is usually called a combination machine is one 


Fie. 176.—Combination jarring, roll-over, and pattern-drawing molding 
machine, 
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\hat does more than one of the principal operations in 
aking the mold. 

The machine shown in Fig. 176 rams the sand by the 
jolting method; the mold is rolled over by means of the 
tnachine, and the pattern is drawn by the machine. Such 
inachines are usually operated by air power. 

The pattern and flask are placed on the table A and jolt- 
tummed. The mold is then rolled over and placed on the 
receiving table B. The pattern is then drawn by the 
imachine and rolled back to table A. 


Fie. 177.—Diagram of portable-type sand-slinger. 


Combination molding machines are more complicated 
(han the plain ones, and much more practice is required to 
he able to operate them. They are very efficient for 
making some kinds of castings. 

Sand-slingers.—In recent years the  sand-slinger 
machines have made great headway. These machines are 
of either the stationary or portable types. Figure 177 shows 
a diagram of a machine known as the tractor type, which 
travels into the sand heap A under its own power (generally 
clectric), collecting the sand from the floor by means of 
right- and left-hand cutting-screw conveyors, which convey 
the sand to the center of the machine, where it is elevated 
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by means of a bucket elevator B, and deposited on 
screen of an oscillating riddle. This riddle is so cor 
structed that scrap, gaggers, cores, etc., found in the molt 
ing sand, are conveyed by chute into a scrap box moun 
on the main arm. The sifted sand is conveyed by th 
oscillating riddle into a hopper mounted on the impel 
arm above a belt that conveys it into the impelling he 


Fia. 178.—Sand-slinger in position over large mold. 


C, which discharges it by means of centrifugal force into 
the mold at the rate of from 5 to 10 cu. ft. of rammed sand 
per minute. The ramming capacity and the speed of these 
machines can be regulated. 

Sand-slinging machines are used in multiple production 
and jobbing foundries, also for making dry-sand cores. 
In Fig. 178 the workmen are using one of these machines in 
making a large mold. 
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MECHANICAL OR MASS PRODUCTION FOUNDRIES 


The foundries generally referred to as mechanical or 
inass production foundries, are operated differently from 
other types. Those that specialize in making castings for 
automobiles come under this head. In such foundries we 
(ind special machinery for turning out castings of which 
laree numbers from the same patterns are made. The 


4a 
Fig. 179.—Endless-belt sand conveyor. 


workmen need. not be all-round skilled mechanics, because 
(hey perform only one or two operations, and the machines 
do the rest of the work. 

The sand-mixing department prepares the sand needed 
for making either molds or cores. This sand is carried, 
cither by endless belts or by conveyors, to hoppers above the 
machines, as shown in Fig. 179. The operator opens the 


gates of the hopper, releasing the sand as needed for the job. 
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Figure 180 shows an endless conveyor used for carryif shown in Fig. 183, where they are destroyed. a sand - 
the molds, also the molding machines placed along it. \hrough the screen and is carried to the mixing place, w 


Fig. 180.—Endless-mold conveyor. 
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Fig. 181.—Placing molds on conveyor. 


Figure 181 shows the operators making molds and placin wid. eae Vee sap aie 
them on the conveyor. The molds move along to the pou it is again prepared for use. The castings are taken from 
ing place, and are poured while moving, as shown in Fig. 182 (he screen and carried to another department for cleaning 
Then they move to the vibrating shake-out screen, 4 and grinding. 
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In mechanical or mass production foundries the pour 
begins as soon as the first molds arrive and continues throy 
the day. In other types of foundries the pouring is us 
done during the latter part of the day. 


QUESTIONS 


- When are sand-cutting machines generally used? 
. What is the advantage in using power riddles? 
What is a squeezer molding machine, and how does it ope! 
What is a stripping-plate machine, and why is it used? 
. Describe making a mold on the roll-over molding machine, 
How does a jarring machine ram the sand? 
. Why is it necessary to use more than.one machine in mak 
some castings? 
8. What is a combination molding machine? 
9. What operations in making a mold does the sand-slinger 
form? 
10. What type of molding machine is mostly used in conneet 
with sand-slingers? 
11. How are mass production foundries operated? 
12. Why are skilled molders not needed in a mass producti 
foundry? 
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CHAPTER XII 


DRY-SAND COREMAKING—MIXTURES— 
EXERCISES IN COREMAKING 


Dry-sand coremaking is a branch of the foundry business 
wore important than molding in the manufacture of some 
wustings. It is regarded as a trade in itself. Dry-sand 
vores are used to make holes or cavities in castings that 
sunnot be made with green-sand cores. 


NATURE AND COMPOSITION OF CORES 


Cores are made of different kinds of sand mixed with a 
hinder that holds the individual sand grains together and 
liwrdens under the application of heat. The chief qualities 
lo be sought in cores are strength, to retain the original 
form when submitted to the high temperature of molten 
inetal; porosity, to permit free vent for the gases formed 
when the melted metal comes in contact with the core 
surface; and smoothness, to leave the surface of the casting 
is nearly as possible in a finished condition. 

The nature of a core should be such that it is refractory 
enough to withstand the heat of molten metal without 
crumbling until after the metal around it has solidified, but 
not so refractory that it will not crumble after the metal 
lus hardened, because the core must be removed from the 
casting, and of course a core that does not crumble would be 
hard to remove. Casting metals usually contract after the 
metal has solidified, and, if the core does not crumble, the 
casting is apt to crack. 

The core should also be smooth and dense on the outside, 
in order to form smooth holes in and through a casting. 
llowever, the core should be porous on the inside, because, 
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when hot metal comes into contact with the core, g¢ 
formed that should flow freely between the grains of sa 
on the inside of the core, also to the opening made in { 
core to lead the gas out of the core and then out of the mol 
If the core is not porous enough for the gases to flow free 
the core gas is likely to come outside of the core into | 
mold and form pressure enough to blow the metal out 
the mold, and the result will be a defective casting. 
Cores are made from sands known as core sands. 
kind of sand to use depends on the size of the casting, also 
the pouring temperature of the metal. Naturally, co 
sands used in cores for heavy castings or for metals poured 
a high temperature should be more refractory and hg 
larger grains than is necessary in cores for castings with lig 
metal sections or for metals poured at a low temperatur 
Suitable core sands are found in many sections of 
United States, mostly around the large lakes and rive 
Sands found around Lake Michigan are largely used 
small castings, such as small gas-engine cylinders and mat 
other small to medium-sized castings; but for heavy ca 
ings Lake Michigan sand is not refractory enough, nor a 
the sand grains large enough for good results. Therefo 
a more refractory sand with larger grains should be selected 


CORE BINDERS 


Core binders are in two groups and are known as dry @ 
wet binders. Wheat flour, dry core compounds, and resi} 
are in the group of dry core binders. Linseed oil, manu 
factured core oils, molasses, glutrin, and other liquid binde: 
are in the group of wet core binders. 


DRY-SAND CORE MIXTURES 


Some of the mixtures that have proved satisfactory a 
as follows: 
Mixture 1.—For small castings. Vents freely: 


40 parts fine sharp sand 
1 part linseed or core oil. 
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Mixture 2.—For small castings. Vents well but not so freely 
as Mixture 1. 
15 parts new, fine-grained molding sand 
5 parts fine-grained sharp sand 
20 parts of the above sand mixture to 
1 part of linseed oil or 114 parts resin. 
Wet with water. 
Mixture 3.—For medium-sized castings: 
10 parts sharp sand 
5 parts new molding sand 
1 part wheat flour, or 
1 part core compound. 
Wet with thin clay wash. 
Mixture 4.—For heavy castings: 
30 parts coarse-grained sharp sand 
10 parts coarse-grained new molding sand 
1 part dry core compound, or 
2 parts wheat flour. 
Wet with either a thin clay wash or thin glutrin+ water. 


It is assumed that the sharp sand for cores for small cast- 
ings has the quality of Lake Michigan sand found around 
Michigan City, Ind. For larger castings, a sand of coarser 
grain should be used. In general, a sharp sand requires 
less binder than a dull sand. 

The proportions of all the mixtures noted above are 
given by volume. 

In some foundries, equal parts of old core sand are added 
to the mixture of new sharp and new molding sand, thus: 
‘To 15 parts of sharp sand and 10 parts of new molding sand, 
(here would be added 25 parts of old core sand. 

In some localities, sand is found that has the proper pro- 
portion of sharp sand and clay, and no sharp or new mold- 
ing sand need be added to it for a core mixture. 

Binders may be divided into two general classifications: 
lirst, those that do not flow to the contact point of the 
grains. These are sometimes called pastes. Flour and 
dextrine mixtures are of this type. Second, those that flow 
to the contact point of the grain. Molasses, glutrin, and 
certain oils are examples. 

1 Trade name, 
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Resin and pitch also are used occasionally as binder 
Oils make the most satisfactory binders for small core 
They are strong and do not absorb moisture. 

A baking temperature that is too low does not harden 
binder, while a temperature that is too high burns it am 
weakens the core. 

Care must be taken in the amount of binder used. To 
much binder makes a hard core, which frequently cause 


Fic. 184.—Interior view of sand mixer. 


defective castings. Too little binder makes the core soft, 
and a soft core will crumble. 
_ Cores may be surfaced by coating them with graphite 
which assists them in withstanding the temperatures to 
which they are subjected. It also improves the surface of 
the core and therefore the surface of the hole in the casting, 
To make the graphite-paint mixture, add water to the 
powdered graphite to form a paste, then thin down with 
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water to a paint, after which add one teaspoonful of molasses 
per pint. The cores may be dipped, brushed, or sprayed. 

Sand-mixing Machines.—There are many types of 
machines used to mix core sand. The machine illustrated 
in Fig. 184 is very popular and gives good results, besides 
heing easy to operate. The sand and binder are put into 
the pan shown at A. The muller wheels BB roll over the 
sand, covering the grains with the binder. There are 
usually two plows to turn over the sand. One of the 
plows is shown at C. When the mixture is ready it is dis- 
charged through the opening D. 


CORE BOXES AND SWEEPS 


Cores are shaped by any one or a combination of three 
methods, z.e., by the use of specially prepared core boxes; 
hy the employment of sweeps; and by means of patterns 
used as core boxes. 

The use of specially prepared core boxes is the most 
common method for small cores. The boxes generally are 
made of wood, iron, aluminum, brass, or plaster of paris. 
Cores of cylindrical shape may be made by using sweeps. 
When the expense of making a special core box is too great, 
the pattern, if of the proper form and strength, may be 
used as a core box. 


CORE PLATES 


Iron core plates, such as shown at A (Fig. 185), are used 
for handling and baking cores. Straight plates are common 


Fic. 185.—Core plates and core dryer. 


for a core that has a flat side to rest on, such as a cylinder 
core made in halves, but forms of special shapes are required 
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for irregular cores. Sometimes flat plates may be user 
where irregularities can be supported during the bakir 
process by green molding sand, built up under or aroun 
the core, as shown at B. When the core is baked, 
molding sand peels off easily. 

If molding sand is not packed under the cores, cor 
dryers are used. A core resting in a dryer is shown at € 
Core dryers are made of iron, and they must have the exa¢ 
shape of the cores with which they are used. 


MIXING CORE SANDS 


One of the most important features in mixing core sané 
is to see that almost all of the grains of sand are coveret 
with some of the binder, which is not an easy thing to de 
when mixing the sand with shovel or hands. When th 
mixture is made, the measuring must be done very care 
fully. The importance of accuracy here is often overlooked. 
When a formula calls for 40 parts of sand and 1 part of of 
and the sand container is filled heaping full while the oil i 
only level in its container, the mixture is not 40:1, and the 
is likely to be trouble. 

Better results are obtained if the binder is mixed with 
the sand when the sand is dry instead of wet. Good judg 
ment must be used as to the dampness of the mixture o 


sand and binder. If the mixture is too dry when the core 


is made, the core will be very soft after it is baked. If the 


mixture is too wet, the core will be too hard. Sand that is 


too wet, moreover, will stick to the core box. It will also 
cause the cores to sag so that they will not retain thei 
shape. 


RAMMING 


Some core mixtures may be rammed harder than others 
The amount of ramming will depend upon the amount of 
loam in the mixture, the size of the core, and the size of the 
individual sand grains. Loam mixtures pack harder and 
vent less freely than sand mixtures. Mixture 1, therefore 
consisting entirely of sharp sand, may be rammed harde 


Poe 
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(han mixture 2, without causing any bad results. Ramming 
(he sand too hard causes it to stick to the boxes and makes 
drawing difficult. If the core is too lightly rammed, it 
will be porous and the metal will eat into it, causing a rough 
surface on the casting. The ideal core is one with a smooth, 
reasonably firm surface and a porous interior. 


VENTING CORES 


One of the most important features of the core is its 
venting qualities. All dry-sand cores, when the metal 
comes in contact with them, give off gas which, for reasons 
previously named, must be led out of the mold. The 
umount of gas liberated depends largely upon the sand 
and the binder used. Wheat flour is a gaseous binder, but 
resin and oils are less so. 

In some of the simple cores, venting is easily done, but 
in the more intricate ones, it becomes a difficult problem. 
A small, round core may be 
vented by running a vent rod 
through its center after ramming. 
A core made in halves may be 
vented by cutting a channel 
through the center of each face of 
the main section, and laterals in 
the lesser sections leading from 
the channel to the surface of the core. When the halves 
are pasted, the channels must match. 

In some intricate cores where a wire cannot be used or 
where a channel cannot be made, a vent wax, as shown in 
lig. 186, is used. Vent wax may be purchased from the 
foundry supply houses. It is embedded in the sand 
along the line or lines that the escaping gas is to follow. 
When the core is baked, the wax melts and disappears 
between the sand grains, leaving the vent channels desired. 

Where it can be used, a perforated pipe, such as described 
under Rodding, makes one of the best possible vent channels. 


Fia. 186.—A roll of vent wax. 
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Many large cores are made with coke, cinder, or sop 


similar material. These substances give porosity and ligh Sie L ENE See 


oe ip Ale we oe sand, which in large co Some cores are of such shape and weight that it would be 
considerable importance. impossible to handle and set them in the mold if they were 
RODDING Conne not provided with lifting hooks or eyes. The coremaker 

must inform himself before making the core just how it is 


Some cores are subjected to more or less bending durin intended to be handled. There are many kinds of hooks 
the setting and pouring processes. Vertical cores under used. Generally, they are made of iron, and the size 
the least strain, and horizontal cores the greatest. Assu ' depends upon the weight of the 
ing careful handling in setting, deflection may be ‘causal 2 coreto besupported. A U-shaped 
the weight of the core, by the floating action of the metal ; hook, used extensively for small 
" and medium-sized cores, is shown 
at A (Fig.188). The lifting plate 
and serew, shown at BB, are used 
for large cores. —_____— = 

Hooks and plates must be so 1g, !85; 1ilung hooks sd 
placed that the core will balance 
Eo when it is lifted. All depressions made to accommodate 
Fie. 187 —A me made with an arbor at A. The arbor is shown at ff the hooks must be filled after the core is set, so that no 

Shows a core made with a pipe for support. metal will run into the depression and burn on to the hooks 


by the dynamic force of the metal when a mold is filled oo 


uickly. 
q a SEC Laem : - PASTING AND DAUBING CORES 
determined, but to insure a ae die ie , cannot ue When cores are made in sections, the parts must be 
under all conditions the coremaker rei f ve Ki aig shap assembled before they are set in the mold. In the assem- 
rodding it. What size of rod to use j yh ae Is core Dy bling process the sections are cemented together at the 
be learned by experience. Figure fy Mae ing that must jointed surface with a good coat of thin paste, the sections 
rodded with a pipe perforated i ait - iid ee - a core being rubbed together to secure & good face contact or tied 
an ideal stiffener and at the Bes wake oe c makes together by wire or other fastening if necessary. ‘The cores 
channels for the outlet of gas. Provides excellga™ “| then Hse in the hist for the ae to = nla, 
Ins everal good commercial core pastes may be obtained, 
suit oe ee cage They are shaped to but an inexpensive and very satisfactory paste is made of 
save sand. A cylindrical core 4 i. ie engthen but also to wheat flour dissolved in cold water. 
at A (Fig. 187). The arbor pace: Ri i arbor ig shown After cores are assembled and baked, all open joints 
will hold the sand better if d nat B. Rods or pipes should be filled to insure a smooth casting. This process 1s 
* coated with clay wash or flow called daubing. A good daubing substance can be made 


paste when they a 1 ; : 
ie Reece Pat by mixing graphite in water to the consistency of a stiff 
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paste. A little molasses put into the water will add to th 
sticking qualities. A better mixture consists of graphite ip 
oil. Figure 189 shows the halves of a core before and afte 


pasting. The assembled core has the joints daubed and j 
ready to be set in the mold. 


CORE OVENS AND BAKING 


Core ovens are of many types and may be portable or 
stationary. The kind to use depends upon the size of the 
vores to be made. For baking small cores, ovens of the type 
shown in Fig. 191 have worked out successfully. They are 
portable, with built-in fireboxes. The shelves are eoeneetet, 
with the doors, so that when the doors are opened the cores 


Bee 


Fig. 189.—Two half cores pasted together. 


| 


COREMAKING BENCHES 


Small cores are usually made on benches. Any school can 
build its own benches, which should be substantial rather 
than elaborate. Having a good bench to work on is fre- 

| quently a matter of pride with a coremaker, 


Fria. 191.—Core oven for baking small cores. 


ure drawn out, A plate attached to the back of each shelf 
closes the openings to the firebox, preventing the waste of 
heat when the cores are taken from the oven. ; 

A stationary, combination-type core oven. 1s shown in 
ig. 192. It is an oven that can be used for either small or 
~ cores. One side contains the roller type of shelves, 
and the other side is arranged to accommodate a truck. 
Large cores are usually made on the truck, which fi me 
pushed into the oven. The truck may be used to hold a 
large quantity of small cores. The combination oven can 
he purchased in any size desired. ; . ‘ 

All core ovens should be connected to chimneys. Col e, 
coal gas, erude oil, or electricity may be used for heating 
them. Coke is the most economical fuel. 


Fic. 190.—Bench for dry-sand coremaking. 


The bench shown in Fig. 190 is conveniently arranged, 
It has a good solid top and drawers in which to keep tools 


and rods. Under the drawers are shelves for the storage of 
core boxes, 


. 
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Core ovens are generally heated from 300° to 600° 
At temperatures above 600°F. there is much danger 
burning the cores. A small core will bnke in or le 
but large cores may have to be baked several days a 
nights. The amount of heat to use depends upon 


binder in the core. Oil binders require more and quick 
heat than flour, resin, or glutrin binders. 


Fia. 192.—Core oven for baking small or large cores. 


Cores should be baked as soon as possible after they a 
made, at least the same day or night. If not, they wil 
partially air-dry, and a poor core will be the result. 


COREMAKING MACHINES 


Dry-sand coremaking machines, of which there ar 
several types, are not used so much as molding machine 
They are, however, being used more every year. Figure 19) 
shows a machine for making round cores as long as 24 in 
and from 3¢ to 3 in. in diameter. 

Screw and die are selected according to the diameter of 
the core to be made. In setting up the machine, select th 
proper die and screw. Attach the screw F and the die Fi 
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the machine body A. Run the vent wire G through the 
screw from the rear end of the machine. Set the core tray 
7 ( on the machine bed, and the machine is ready for use. 


Fig. 193.—Machine for making small round cores. 


The two mixtures given below are suitable for use in the 
machine. Mixture A is for cores ranging in size from 3¢ to 
\1g in. in diameter. Mixture B should be used for cores 
from 14% to 3 in. in diameter. 


Mixture A Mixture B 
8 qt. sharp sand 8 qt. sharp sand 
1 qt. wheat flour 2 qt. new molding sand 
1 pt. core oil 1 qt. wheat flour 
1 pt. core oil 


Wet the mixture sparingly with water. (The mixtures 
given must be a little dryer when run through the machine 
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than if they were used in making cores by hand.) If} 
sand is too wet, it will pack in the die. 

After the sand is mixed, put ih lee Naariocot B( 
193) and feed it into the machine. Place one hand aga 
the front of the die and hold it there while turning 
wheel D, until the sand in the die is packed to the ri 
consistency. Then remove the hand, but continue to f 
sand into the machine and turn the wheel. The core y 
be pushed out on to the plate. When the length wanted 
been made, cut it off. Before setting the core in the oy 


to bake, spray it with water mixed with a little glutrin, 
make the surface firmer. 


CHAPTER XIII 


EXERCISES IN DRY-SAND COREMAKING 
EXERCISE I. MAKING ROUND CORES 


All of the round cores needed in the molding exercises can be made 
jn core boxes such as shown in Fig. 194. Core mixtures 1 and 2 can 
fw used. A round core is made in the following manner: Clamp the 
two halves of the box together and set the box on end. Drop a little 


QUESTIONS wind into the box and ram it with an iron rod. Add a little sand at a 


1. Give three compositions for core mixtures. 

2. What are the chief qualities to be sought in cores? 

3. If too little or too much binder is used in cores, what will be t 
results? 

4. Name three methods used to support cores on plates. 

5. What are the important things to be taken into considerati 
when mixing core sands? 

6. How are cores usually vented? 

7. How are cores reinforced? 

8. Why are lifting hooks put into cores? 

9. How are cores assembled? 

10. If cores are baked too little or too much, what are the effee 

and at about what temperatures are cores baked? 


Fic. 194.— Core box and plate with small round cores. 


lime, and ram, until the box is filled. Punch a vent hole through the 
wenter of the rammed sand. 

Remove the clamp and rap the box on all sides. Remove the 
lalf-box that carries the dowel pins and roll the core out of the other 
half on to the plate. After the plate is filled, put it into the oven. If 
necessary, a core of this kind can be reinforced with a rod before the 
vlamp is taken from the box. 


EXERCISE 2. MAKING A CONE-PULLEY CORE 


‘The mixture for this exercise can be either 2 or 3. 

To make the core, clamp the two half-boxes shown in Fig. 195 
(ogether and set them on the small end. Ram the box full of sand. 
Slick the sand even with the large end. Punch a few vent holes and 
place a plate of the proper size over the large end of the core. Then 
hold the plate and box together firmly and roll them over. Push into 
the core, somewhat to one side of the center, a rod, long enough to pass 
through the part of the small diameter of the core into the main body, 
leaving it even with the small end. Punch a vent hole in the center 
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wcond half-core in the same way. After the two halves are baked, 
jute them together and daub the joints, as explained in the section 
lasting and Daubing. 


entirely through the core. Remove the clamps and rap the 


EXERCISE 4. MAKING A MACHINE-BASE CORE 


Core mixture 2, 3, or 4 can be used. The core is symmetrical, so 
‘hut only a half-box is needed. Figure 197 shows the box and the 
sompleted half-core. 

‘To make the core: Fill the box about half full of sand and peen-ram. 
it a rod into the small end, heap the box with sand, and butt-ram. 
Mirike off the sand level with the top of the box, and slick it with the 


Fra. 195.—Cone-pulley core box and core. 


Draw the box from the core, as shown in the illustration. Set 
core in the oven to bake. 


EXERCISE 3. MAKING A CORE FOR A LATHE BED 


Mixture 1, 2, 3, or 4 can be used; the one to be selected depe 
upon the size of the casting to be made. Fora small casting, mi 
1 would be best; for a large casting, mixture 4. The core ‘and ( 
box are shown in Tig. 196. A indicates the box, B the core befo 
is baked, and C the loose strip of wood needed in the box. 

To make the core: Lay the loose strip into the box in its pro 
place. Puta little sand into the box and tuck it under the strip. 


Fig. 197.—Machine-base core box and core. 


trowel. Cut the vent channel about 14 in. wide and about 14 in. 
deep, beginning it a short distance from the small end and leading it 
out of the large end. Punch a few holes from the channel to the sides 


- : of the box. 
Fic. 196.—Lathe-bed core and core box. Clamp a plate to the box, make the roll-over, and rap on all sides 
of the box. Remove the clamps and draw the box from the core. 
Make any necessary repairs and place the core in the oven to bake. 
Make the second half of the core, and after the two halves are baked, 
paste them together and daub the joints. 


the box half full of sand, tucking it into the corners. Place a g' 
reinforcing rod in the middle. Fill the box heaping full of sand ¢ 
butt-ram, taking care not to ram too hard. Strike off the sand le 
| with the box and slick it down even with the top. Cut the v 


channels about 3 in. apart, 1¢ in. deep and 14 in. wide. Clamp a ph XERCISE 5. MAKING A CORE TO BE LIFTED OUT OF THE 


to the box, make the roll-over, and rap the box on all si aj 

careful not to rap too hard. (The core ee be smaller ee - heeain id 

be if the rapping is too strenuous.) Remove the clamps and draw tl Mixtures 2, 3, or 4 can be used. 

box from the core. The loose strip will not draw out with the b In this case, a pattern, instead of a core box, is used to make the 
but must be drawn out sidewise from the core af ter the box is dray wore, and the baked core is to be set into the pattern when the mold is 


Repair the core if broken, and place it in the oven to bake. Mak imde. The core is to be lifted out of the pattern when the cope is 
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lifted, so that it is necessary to put lifting hooks in the core. Tf 
198 shows the pattern A and the completed core Bé 

To make the core: Fill the pattern about half full of sand and p 
ram. Set the hooks so that the eyes are evén with the top of 
pattern, as shown at DD (Fig. 198). Ram the pattern level full 
sand and trowel down the surface. ch some vent holes, place | 
plate, make the roll-over, and rap the pattern on all sides. (A pat 


Fre. 198.—Pattern used for core box and core. 


box should be rapped rather hard so that the core will be a lit 
smaller; if this is not done, it is likely to be difficult to get the ce 
back into the pattern, because cores usually expand somewhat 
baking.) Draw the pattern from the core and place it in the oven | 
bake. 

Note.—If the core does not fit into the pattern when the mold 
made, filing will be necessary. 


PART V 


MELTING AND MIXING METALS 


CHAPTER XIV 


GENERAL CONSTRUCTION OF CUPOLA, CUPOLA 
LININGS, LADLES, AND BLOWERS 


CUPOLAS 


A modern cupola furnace is shown in Fig. 199. The shell 
A is constructed of steel plate from 346 to 3¢ in. thick. 
The foundation B is made of brick, stone, or concrete. 
Columns or legs C support the cupola, which with the wind- 
box D, rests on the bottom plate H. There are two sets of 
tuyeres, the lower, shown at F, and the upper, shown at G. 
The bottom doors H hang on hinges so that they can be 
dropped and raised. All material charged into the cupola 
passes through the charging door J. Melted metal is run 
from the cupola through the spout J into ladles. Slag is 
drawn off through the slag spout K. The blast pipe inlet is 
shown at L, and the blast gage at M. A section through 
the safety tuyere is shown at N in the small drawing. O 
shows a horizontal cross section through the cupola and 
tuyeres. 


SIZES AND MELTING CAPACITIES OF CUPOLAS 


Table III gives the sizes and melting capacities of cupolas. 
[t will be noticed that the general sizes range from 16 to 84 
in. in diameter inside the lining and that they are built from 
7 to about 20 ft. high from the bottom plate to the bottom 
of the charging door. The total height of the stack, depend- 
ing on the height of the building, is usually from 20 to 35 ft. 
All cupola stacks should extend out of the building so that 
the fumes and gases can be discharged into the atmosphere. 
The size of cupola to use depends upon the amount of metal 
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to be run through during a 


: <and upon th +d 
which the men in the de e rapidity W 


rtment can take care of the me 


DSSS 


Section Through 
Lower Safety Tuyere 


Fia. 199.—Cupola furnace. 
MELTING CAPACITIES OF CUPOLAS 


The capacity of a cupola is computed by multiplying thi 
area at the melting zone by ten (cupolas will melt about 
Ib. of iron per square inch in 1 hour), and dividing by 2,0 0K 
(the number of pounds per net ton). For exampil 
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cupola 32 in. in diameter has an area of 804.25 X 10 = 
4,042.5 lbs. This product divided by 2,000 gives about 
4 tons (the amount of metal a 32-in. cupola will melt per 
hour). 

Some cupolas will not melt more than about 5 lb. of iron 
per square inch in an hour, the exact amount depending 
upon conditions; for example, the design and construction 
of the cupola; locations and area of the tuyeres; depth of 
cupola between tuyeres and charging door; manner of 
charging and size of charges; size of iron to be melted and 
quality of fuel used in the heat; length of the heat; the 
umount of blast pressure used; and other factors. 


Tapue III.—SizEs AND CAPACITIES OF CuroLas 


Thickness of linings, Height 
Diameter inches Diameter | Melting as stati 
of cupola inside capacity tom pat 

shell, cupola, per hour, to'bereeee 
inches Below Above inches tons crt ohare 
charging | charging ing door, 
door door feet 
24 4 4 16 yto % 7 
28 4 4 20 wto 1 7 
32 4h 436 23 34 to 14 8 
36 5 5 26 1, toe 8 
40 5 5 30 De Owe oO: 9 
47 6 3 35 4 to 5 10 
54 7 3 40 Gee Fi gey 7h 14 
64 9 5 46 f. “to: 9 16 
72 9 5. 54 10 tol2 18 
78 9 5 60 12 tol4 20 
84 9 5 66 14 to 18 20 
90 9 5 72 18 to21 20 
9 5 78 21 to 24 20 
9 5 84 24 +027 20 


TUYERES 
The openings used to convey air from the windbox into 
the cupola are called tuyeres. Tuyeres of many shapes, 


’ 
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forms, and sizes have been used, but the one shown in Ff 
200 has proved to be good and is generally used. It 
flaring in shape and admits the air through the small en 
The large end is placed on the inside of the cupola to perm 
the air to spread evenly. The tuyeres are independent 
each other and on account of their shape are held easil 
between the bricks. Some cupolas have two rows 
tuyeres, lower and upper, but most cupolas have only o1 
row. Upper tuyeres are used when a cupola is to be key 
in blast for a long time, that is, on low 


g| heats; otherwise they are not usec 


| because of the added expense for fuel. 
i There are usually six tuyeres in a row 
i }| separated by equal distances. Ordinari 
Fos WEL cists they have a combined area at the inle 
tuyere. to the cupola of from 15 to 25 per cent 4 
Ate the horizontal cross-sectional area of th 
inside of the cupola. They are placed from 10 to 30 in 
from the bottom plate, the distance depending upon th 
amount of metal to be collected in the cupola before tappin 
it out. In some cupolas, the tap hole is left open, the metg 
running out as quickly as it melts; in such cases, th 


tuyeres can be very near the sand bottom. But cupolas 
that are tapped at intervals, and where a large amount of 


metal must be collected before tapping, must have th 
tuyeres higher. 


Upper Tuyeres.—Upper tuyeres are similar in construe 


tion to lower tuyeres and are placed from 18 to 24 in. above 
them. They are to supply air to utilize any escaping ga 
that may be used as fuel and are of great service in quick 
melting and keeping the cupola in blast. Upper tuyeres are 


operated independently of lower tuyeres and may be closed 
and opened as desired during the operation of the cupola. 
Safety Tuyeres.—The safety tuyere, shown at N (Fig. 
199), is a great aid in tapping a cupola. The operator can 
watch the iron as it collects by looking through the tuyere 
peep hole. When the iron rises to the bottom of the safety 
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\uyere, it is time to tap out, but if, by mischance, it should 
rise higher, it will overflow into the safety tuyere, whence it 
will fall to a piece of cardboard placed over a hole directly 
under the safety tuyere and in the bottom of the windbox. 
‘The iron will burn the cardboard and run to the floor under 
ihe cupola, not causing damage to the windbox. 

Tuyere Peep Holes.—Hinged frames fitted with mica are 
placed on the outside of the windbox opposite the tuyeres, 
so that the cupola tender can look through the mica into 
the cupola and watch the operation of the furnace. If the 
tuyeres become closed, the peep holes can be opened to 
permit the removal of the obstructions. 

Slag Holes.—When a cupola is to be kept in operation. 
more than 114 hours, it is a good plan to provide a hole for 
the removal of slag, which accumulates when the cupola is 
in blast. If the slag is not removed it clogs the cupola and 
retards melting. Slag holes are usually from 2 to 3 in. in 
diameter and are located in the back of the cupola opposite 
the tap hole, from 2 to 5 in. below the lower level of the 
tuyeres. Slag holes should not be placed too near the bot- 
tom of the tuyeres. If they are, the cold wind blown into 
the cupola chills the slag so that it will not run freely. 


CUPOLA LININGS 


Cupolas are lined with either a single or a double course of 
firebrick. A single lining is usually put into a cupola that 
measures less than 36 in. in diameter on the inside of the 
lining, but double linings are generally put into cupolas 
measuring from 36 in. up. Double linings cost more than 
single, but they are more economical in the long run for 
large cupolas. 

When a cupola is double lined, the brick next to the shell 
need not be of so good quality as the brick on the inside. 
Some foundrymen use common red brick for the shell layer. 
The advantages of a double lining are that there is less risk 
that the lining will burn through to the shell and that the 
inner lining can be used more completely. 
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Firebrick.—Cupola firebrick may be obtained to fit 
cupola of any size. Some of the common forms are show 
in Fig. 201. Bricks A, B, and C are known as cuph 
blocks. A and B are used to line cupolas up to 36 in. ii 
diameter, and C is used for larger sizes. The wedge-shape 
brick D is sometimes used as lining and sometimes as 


Fia. 201.—Cupola firebricks. 


wedge between cupola blocks. The square brick EH ig 
usually used next to the shell. 


LINING THE CUPOLA 


A diagram of the lining in a cupola is shown in Fig. 202. 
The single lining is indicated at A, the double lining at B. 
The closer the joints can be made when lining a cupola, the 
better the lining will be, because the bricks cut and bull 
out at the joints more than any other place. Once the joints 
are open, the gases and blast enter between the bricks 
increasing their destruction rapidly. - 
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No thick mortar should be put between the bricks when 
lining a cupola, but, instead, a thin grouting should be made 
of fireclay and water. The grouting mixture should be so 
(hin that it can be poured on the bricks or the bricks dipped 
into it. The bricks should also be handled very rapidly, so 
(hat the grouting will not dry before they are in position, 
und each brick should be tapped with a hammer as soon as 
it is laid, to improve the tightness of the joints. Firebricks 


Fia. 202.—Diagram of the lining in a cupola. 


expand when heated, and to prevent possible injury to the 
cupola shell from expansion, they should be set 1 to 114 in. 
from the shell. The space between the shell and bricks 
should be filled by pouring in a mixture of equal parts of 
clay and sand mixed with water. The grouting poured back 
of the bricks should be so thin that it can be poured and 
(hat it will fill up any openings between the bricks and shell. 

Drying the Lining.—After the cupola is lined it should be 
dried slowly. The bottom doors are put up and covered 
with a protecting layer of molding sand about 3 or 4 in. deep. 
Shavings and kindling are then placed on the sand and are, 
in turn, covered by a layer of coke 20 to 30 in. high. The 
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fire is lighted, and when the coke has caught, the dr 
are closed and the coke is allowed to burn out slow 
The bottom doors are then dropped. 

After the bottom has been dropped and the cupola is ed 
enough to permit a man to get inside, the lining should 
gone over with a thin grouting, composed of about 14 pt. 
common salt to 3 gal. of fireclay mixed with water until it 
so thin that it can be rubbed into the joints with a brush 
The salt in the mixture will help to glaze the bricks, addin 
to the life of the lining. When the first heat is run from; 
newly lined cupola, the fire should be allowed to burn 
long as possible before starting the blast, the blast pressul 
should not be stronger than is necessary, and the heat sho 
be small. 


LADLES 


Ladles are used to receive the metal from the cupola, ¢ 
transport it, and to pour it into the molds. They vary 


Fic. 203.—Hand ladle and shank. 


size and shape, their capacities ranging from 25 lb. to 100 
tons. Bowls for small ladles are made of cast iron or sheet 
iron and for large ladles, of steel plate. The shanks, which 
hold the bowls, are made of wrought iron. The ladle shown 

in Fig. 203 is an example of the type known as hand ladle 
which hold from 40 to 80 Ib. of iron and are handled by on 
man. The shank is indicated by the letter A, and the bow 
by the letter B. 
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Bull ladles, as shown in Fig. 204, vary in capacity from 
100 to 300 lb. and are usually handled by two men. The 
eapacity of crane ladles runs from about 300 Ib. up. The 


Fig. 204.—Bull ladle and shank. 


erane ladle shown in Fig. 205 has a gear-controlling device 

provided to facilitate pouring. 
Linings.—The linings of ladles vary in material and thick- 

ness, according to sizes. Hand ladles can be lined with 


Fra. 205.—Crane ladle. 


strong molding sand from 4 to }4 in. thick. Linings for 
bull and crane ladles must be more refractory. A composi- 
tion of two-thirds fireclay and one-third sharp sand, mixed 
with water, makes a good material for linings of ladles that 
have capacities of from 100 lb. to 3 tons. The mixture 
should be just wet enough so that it can be toe Pee. 
Linings for bull and crane ladles are made from 4 to 2 
in. thick. Very large ladles have to be lined with firebrick. 

Before applying the linings, the inside of the bowl should 
be wet with a thin clay wash, or the clay will not stick to 
the ladle shell. Ladle linings should be dried before the 
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ladles are used, to prevent the usual bad results when h 
iron is brought into contact with moisture. The linings ¢ 
be dried by putting the ladles into the oven or by maki; 
a fire inside the ladle. 


BLOWERS AND FANS 


There are two types of machines used to supply air | 
the cupola. The one shown in Fig. 206 is known as 


Fic. 206.—Rotary positive-pressure blower. 


rotary positive-pressure blower, and the one shown in Ii 
207 is called a fan’ blower. The rotary pressure blow 
supplies a.constant volume of 4 
to the cupola, but the fan maj 
not. 

In the positive-pressure blow 
the air intake is usually at th 
bottom and the outlet is at th 
top, as shown by the diagram ii 
Fig. 208. The impellers, A am 
B, do not touch each other, né 
do they touch the case, but the 
fit so closely that there is lit 
chance for the air to pass bae 
when once taken into the blowe 

The air intake for the fan is on the sides, and the outlet 
at the bottom. The impellers or blades do not fit closely, o 
that account affording opportunity for the air to pass bae 


Fic. 207.—A fan blower. 
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The size of blower or fan to be selected for the cupola in 
lise can be determined by referring to either cupola or 
blower catalogues. 

Blowers and fans should be set on solid foundations and 
holted down. They should be placed as near the cupola as 
practicable. The connecting pipes should have as few 
ilbows as possible, because elbows retard the flow of air 
und reduce the pressure of the blast. 


Fia. 208.—Diagram of positive-pressure blower. 


Blast gages on the cupola to determine the air pressure 
or amount of air used are necessary, because the cupola will 
not give the best results if too little or too much air is used. 
It is claimed that 30,000 cu. ft. of air are required to melt 1 
(on of iron in the cupola furnace. Blast gages record the 
umount of pressure used, and blast meters record the amount 
of blast that enters the cupola. Blast gages seem to be used 
more than meters, but it is conceded that the meters are 
(he more accurate. A pressure gage will show how much 
pressure is on the gage, but that all the air is going into the 
cupola does not necessarily follow. 

The pressure needed depends upon the size of the cupola. 
lor cupolas 24 in. in diameter, it should be from 5 to 7 oz. 
A 36-in. cupola requires about 10 0z., and a 48-in, cupola 
from 12 to 14 oz. 
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QUESTIONS 


. What are tuyeres used for? Make a sketch of one. 
. Why are safety tuyeres used? 

balgiae are slag holes located in the cupola? 

i y are firebrick used to line cupolas? : 

- How are cupolas lined? ee ae 


- How is the lining of a cupola dried? ARIN 
- Name the different types of ladles. -. pe Argh tO Ain oa a 


. How are ladles lined? 
I What types of machines are used to supply air to the cupol) 
. How is the amount of air used in the cupola recorded? 


SOANOORWNe 


Bottom Doors.—When preparing the cupola for a heat, 
‘he bottom doors must be raised and propped, as shown at 
| (Fig. 209). The prop should rest on an iron plate embed- 
ded in the cupola foundation. Only one prop is needed for 

Y vupolas under 42 in. in diameter on the inside of the lining, 
jut two are usually necessary for cupolas of more than 42 in. 
The props are made of wrought iron and are from 2 to 5 in. 
ii diameter. All large openings between the doors and the 
hottom plate should be filled with clay. 

Materials Used for the Bottom.—The material used for 
the bottom should be of such nature that it will not wash 
when the metal runs over it or when the blast is on. Mold- 
ing sand or sand cleaned from gangways in the molding 
room ean be used. The sand should bake a little when the 
lire is burning but must not bake so hard that it will not 
(ull readily when the doors are dropped. Some foundrymen 
wet the sand with a thin clay wash when it is weak. 

Putting in the Bottom.—The sand should be as wet as that 
used for green-sand molding. After it is mixed, it should 
be sifted through a 14-in. riddle. It can be put into the 
cupola by being shoveled into the spout and pushed 
through the breast opening or by being taken to the charg- 

> ing floor and dumped in through the charging door, When 

ihe sand is in, the tender enters the cupola through the 

charging door, spreads the sand, rams it, and gives it the 

proper slope. The sand should be rammed about as hard 

as for a mold. Sand that is rammed too hard or too soft 

will give the same troubles that it gives in a mold. More- 
177 
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over, if the bottom is rammed either too hard or too sof 


the sand is either too wet or t : 
oo dry, the met: 17a 
run out of the bottom. y> etal is lik 
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Fra. 209.—Cross section of cupola sho wing method of lining and chargi 


Slope of the Bottom.—The sand bottom should be slope 
so that all metal will run out of the tap hole. A slope ¢ 
about }% to 114 in. to the foot is usually required. To 
steep a slope will cause the metal to run out too rapidly an 
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will cause undue pressure against the breast when stopping 
against a stream of iron. If the slope is too gradual, the 
metal will not run out rapidly enough when the cupola is 
tapped and when it is drained to drop the bottom. 

Breast.—The large hole in the front of the cupola is called 
the breast opening. It is usually left open to give draft to 
the fire until the coke bed has burned through. Then it is 
closed, as shown at B. Closing the opening is called putting 
in the breast. The material used for the breast should be 
refractory. A mixture of equal parts of strong molding 
sand and refractory clay may be used. This mixture should 
be wet with water and made about as damp as the sand used 
for green-sand molding. When everything is ready for the 
breast to be put in, all loose sand and ashes should be 
brushed out of the hole, and the sides should be wet with 
clay wash. Then short pieces of coke or a board may be 
jammed into the opening to form a backing for the clay to 
be rammed against. 

Tap Hole.—The tap hole is made when the breast is put 
in. Arod from 1 to 114 in. in diameter is laid in the spout, 
reaching into the cupola and resting on the sand bottom. 
Then the breast material is put in. The clay should be 
cut to a funnel shape around the rod, and the rod drawn 
out, leaving the tap hole. 

Spout.—The spout should be lined, as shown at C with 
the same clay mixture as used for the breast. The lining 
should not be higher than the sand bottom (or the sand 
bottom should not be lower than the lining of the spout), or 
the metal will not drain out of the cupola. The lining of the 
spout and also the breast should be dried before the blast is 
started. 

Kindling.—After the sand bottom is put in and the spout 
lined, some shavings or oiled waste should be put on the 
bottom, followed by kindling large enough to start a coke 
fire. Instead of wood, crude oil or gas may be used, with 
the advantage that such fuels leave no ash. When oil is 
used to kindle the coke, the sand bottom should be pro- 
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tected. This can be done by using a pipe about 4 to 
in. in diameter, with a number of holes 2 in. in diameter af 
3 in. apart, to carry the flame. The pipe, when placed 
the cupola, should reach from the breast to a point abo 
three-fourths of the way across the bottom. The ol 
burner nozzle is inserted in the pipe, and the flame com 
through the opening in the pipe to start the coke fire. Af 
the coke is burning, the pipe is taken out and put away fe 
the next heat. A similar piping arrangement can a 
be used when gas is the fuel. 

Coke Charges.—Every melter must decide how high 
make the coke bed and how much coke to use to bring th 
bed up to the height desired. While there is no fixed rule { 
follow, there are certain limits to be regarded. Comme 
practice is to make the coke bed from 20 to 30 in. above th 
top of the tuyeres after the kindling has burned out and th 
coke has settled on the sand bottom. 

Various methods are used to determine the height of th 
coke bed. Some melters make a mark on the lining of t 
cupola and fill in with coke up to that point after the be 
has settled. Others measure with a stick from the chargin 
door to the coke bed, while still others compute the amoun 
of coke needed by finding the volume of the cupola fron 
the sand bottom to the top of the desired bed in cub 
inches, and dividing the volume by 65, the volume of 1 lh 
of coke (approximately). 


Example.—The cupola shown in Fig. 209 is 24 in. in diamete’ 
measured on the inside of the lining. The distance from the sand 
bottom to the bottom of the tuyeres in the back is 10 in. and in fron 
12 in., an average in the center of 1lin. The tuyeres are 4 in. high 
and the coke bed is to be 28 in. above the top of the tuyeres. Th 
total height from the sand bottom is therefore 43 in. (1+ 4+ 28 
43). The area (radius squared X 3.1416) of a 24-in. cupola is 49: 
sq. in. (12 X 12 X 3.1416 = 452). The volume (area of base ¢ 
section times height) to be filled with coke is 19,436 cu. in. (43 X 452 
Now, 19,436 + 65 = 299 (say 300) Ib. of coke needed for the bed, 
Some smelters prefer to save back about 25 lb. to put on when the cok 
bed has burned through. 
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The succeeding layers of coke to be put on top of the iron charges 
\sually are made from 4 to 10 in. deep. The amount of coke for each 
luyer can be computed as was done for the bed. The layers used in 
the cupola illustrated are 8.50 in. deep and weigh about 60 Ib. each. 


Iron Charges.—The first charge of iron is called the 
bed charge. Its size depends upon the quality of the coke 
used, the height of the tuyeres from the sand bottom, how 
hot the metal must be to run the castings, and the mixture 
in the charge. While there is no hard and fast rule, general 
practice is to charge from 1 to 4 Ib. of iron for each pound of 
coke in the bed. The best ratio must be worked out by 
each melter. Cupolas which have the tuyeres placed from 
& to 12 in. above the sand bottom may be charged with 
® lb. of iron to 1 Ib. of coke’in the bed. At that ratio the 
bed charge for the cupola shown would weigh 600 lb. 

The size of the succeeding iron charges is regulated by the 
size of the coke charge. The general rule is to charge from 
5 to 15 lb. of iron to 1 lb. of coke, average practice using 
10 lb. Following that rule, the succeeding charges, in the 
furnace dealt with, would be 600 Ib. of iron to 60 lb. of coke. 

Lighting Up.—The fire usually is lighted at the breast 
and is allowed to burn through the coke bed slowly to heat 
the cupola. The draft is regulated by means of the tuyere 
peep holes, and the coke bed should burn through evenly. 
This ig a matter that must be watched very carefully. 
It requires from 1 to 3 hours for a coke bed to burn through, 
the exact time depending upon the thickness of the bed and 
the natural draft of the cupola. No forced draft should be 
used while the bed is burning through, because that would 
not give time for the cupola to heat up, and cold iron would 
be the result. The bed in a 24-in. cupola will burn through 
with a natural draft in about 1 hour, while about 2 hours 
ar uired for a 36-in. cupola. 

7 ‘Making Up Charges and Charging the Cupola.—The bed 
charge of iron and the succeeding coke and iron charges 
should be put into the cupola as soon as the coke bed is 
burned through. The cupola tender should look through 
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the charging door to note whether or not the flames 
coming through the coke at the top and also to see that 
bed is burned through evenly before any iron is put | 
If the coke is not burned through evenly before iron 
charged, trouble will be had in melting the iron hot. 
charges should be put into the cupola as soon as the bed 
burned through, however, to get the benefit of all of 
heat. 

Before charging the iron, all of the coke and iron charge 
should be made up and placed on the charging floor. The 
large pieces of iron should be broken. For a small cupo 
they should not be longer than 12 in.; if shorter, they ara 
better still for good melting results. _The iron and coke 
charges should be charged as evenly as possible, the lar 
pieces of iron being placed next to the lining rather than iy 
the center. 

After the cupola is filled to the bottom of the chargin 
door, it is advisable to allow the iron to soak in the heat for 
about a half-hour before the blast is started. If not all 
the metal for the heat is in the cupola, it can be charged 4 
the metal in the cupola melts and sinks down. After the 
melting has started, it is not advisable to stop melting. 

Starting the Blast.—After the cupola has been charged, 
the tuyere peep holes should be closed and the blast started, 
After air has been blown into the cupola for from 8 to 12 
min., the metal should begin to run out of the tap hole. 
The first 10 to 25 lb. is usually too cold to use for pouring 
and is allowed to run into some dry sand on the floor, 
When the metal is hot enough for pouring, the tap hole is 
closed and the iron is accumulated in the cupola for a tap. 

Tapping.—Tapping a cupola is extremely dangerous work 
and must be done very carefully to avoid getting burned. 
The tools needed for tapping consist of round iron bars, 
from 34 to 134 in. in diameter and from 3 to 10 ft. long, and 
pointed, as shown at A, in Fig. 210. There should be from 
one to three bars on hand. The clay bott should be picked 
out of the hole carefully, and all clay and loose slag around 
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the tap hole cleaned off with the tapping bar. No bar 
should be driven into the clay bott suddenly, because the 
rush of iron would be hard to control. The point of the 
(apping bar can be cooled and hardened by dipping it into 
water as soon as the tap is made and, in that manner, pre- 
pared for the next tap. ; 
Stopping—When as much metal has been drawn as is 
wanted for a tap, or when all metal that has been accumu- 
lated for the tap is drawn, the tap hole is closed with a 
conical clay bott, stuck on the tip of a stopping bar, such as 
shown at B (Fig. 210). Stopping is another dangerous 


Fig. 210.—Tapping and stopping bar. 


job. The bott should be pushed into the tap hole without 
splashing any of the metal. ‘ 

Stopping bars are made of iron rods or wrought-iron pipes 
about 114 in. in diameter. The end of the bar has an iron 
disk securely fastened, against which to stick the bott. 
Sometimes wooden stopping bars are used. When taking 
off a heat there should always be from one to three bars 
ready for use, with the clay bott attached. 

The materials used for making the bott should be refrac- 
tory and plastic and of such nature that the bott will bake 
slightly after it is pushed into the tap hole. A mixture of 
7 parts new molding sand, 3 parts yellow clay, and 1 part 
wheat flour mixed with water serves the purpose very well. 
The bott material should not be made too wet, because a 
wet bott will cause the metal to splash and blow when stop- 
ping; but, on the other hand, a dry bott will not stay in a 
tap hole, and the metal is likely to burst out of the cupola. 

Pouring.—The metal is conveyed from the cupola to the 
molding floors in ladles, transported by overhead trolleys, 
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industrial trucks, or cranes. When pouring molds 
ladles should not be held higher than is necessary. 

scum, floating on top of the metal, can be skimmed off 
an iron rod called a skimmer, When pouring, the gat 
sprues, and pouring basins should be filled quickly and ky 
full until the molds are poured. 

The temperature of the metal should be observed yor 
carefully before pouring, because many castings are lost } 
having the metal either too hot or too cold. Light, thi 
castings must be poured very fast and with hot metal 
Heavy castings should not be poured with too hot a metal 
because metal that has cooled off slightly will not cut th 
sand as much as hot metal. Hot metal, moreover, wil 
cause shrinkage troubles in large castings. Once the po 
ing has been started, it should be continued until the mold 
filled, else the casting may be lost. There must be sufficie 
metal in the ladle to fill the mold, or the mold will } 
poured short. 

There is usually some metal left in 
after the molds are poured. It can be poured into pigs 0 
suitable size. The pig molds may be made in sand, or they 
may be made of iron and washed on the inside with clay 
wash so that the iron will not stick to them. All the iron 
left over from a heat, and the sprues and risers, are melted 
again usually for the next heat. 

Dropping the Bottom.—When enough of the metal in 
the cupola is melted to pour the molds, or all the metal in the 
cupola is melted, the blast is shut off. Al] the molten metal 
in the cupola should be drained out, the tuyere peep holes 
opened, and the bottom doors dropped by pulling away the 
props under them. The material that drops out, called the 
dump, is cooled with water and spread out. Sprinkling { 
the dump will not only avoid danger of fire but will also 
save the unconsumed coke. 

If the slag that accumulates in front of the tuyeres is 
broken off as soon as the bottom is dropped, it is easily 
removed and the cupola cools off more quickly. 


the ladles or cupola. 


OPERATING THE CUPOLA 185 
Removing the Dump.—When the dump is cool enough ic 
he handled, it is removed. The large pieces of es set 
iron are picked out by hand, and the small pieces 0 : e 
and iron, and the slag are put into a cinder mill, where they 
re d. 
ac two types of cinder mills. They are ae 
spoken of as the water mill and the dry mill. pe nbs “ 
mill is considered the better, because in the dry oe a 
the iron is reclaimed, while in the water mill both the co “i 
and the iron are reclaimed. Figure 211 shows a water mill. 


i 
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Fig. 211.—Cinder mill. 


The coke, iron, and slag are put into the barrel A, ork oa 
a hexagonal block on the inside running nearly the fu 

length of it. Water is pumped into the barrel by arr 
of the pump B, located in the water reservoir as sl ee 
The barrel is filled with water high enough so that it wi 

run out of the hollow shaft, into the coke and slag screen 
as shown at C. Then the barrel is rotated, and the ree 
nal block crushes the slag and separates it from ete 
and iron; the eoke floats out with the water pee e 
hollow shaft, into the box at D; the water washes t a 5 
from the barrel, and usually both are caught in a wheel- 
barrow as shown in the illustration. The iron remains in 
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the barrel, and of course it is removed and used agait 
This iron is generally known as shot iron. 

Chipping the Lining.—After each heat the slag sticki 
to the lining must be removed, and slag and cinders hanging 
over the tuyeres must be chipped off. Due care must h 
taken not to break the lining. The tools used are shown 
Fig. 212. The cupola tender must be on the inside of th 
cupola to do the work. The job is dirty and dusty an 
hard on the eyes. Much of the dust can be eliminated by 
sprinkling water on the lining through the charging doo 


Fig. 212.—Cupola picks. 


When chipping the lining, the eyes of the workman should 
be protected by goggles. 

Melting Zone.—The lining in a cupola is usually buil 
in a straight line from the tuyeres up, but after a few heats 
the lining will show that it is burning out more rapidly in 
the melting zone than elsewhere. This zone begins a short, 
distance above the tuyeres and extends upward for a dis- 
tance of from 2 to 3 ft. It is indicated at DD (Fig. 209) 
The melting zone is the hottest part of the cupola and is the 
part at which most of the metal melts. The diameter of 
the melting zone increases rapidly, due to the burning o 
the lining. The melter should never allow it to become 
so large that its diameter will exceed the diameter of the 
remainder of the lining by more than 4 to 6 in. 

Daubing the Lining.—The lining must be repaired after 
each heat, or it will burn out quickly. The life of a lining 
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depends greatly on the brick and how well it is taken care 
of. Some cupola men are able to make the lining last 
for a long time, while others have to reline the melting 
gone every few weeks. 

The material used to repair the lining should be highly 
refractory. Cupola men differ as to the best kind of 
daubing. A mixture that serves the purpose very well is 
vomposed of 2 parts fireclay and 1 part sharp sand. The 
fireclay and sand should be mixed dry and then wet with 
water. The daubing, as it is called, should be about as 
wet as molding sand used for green-sand molding. If 
(he daubing is too wet and thin, it will crack when dry and 
fall off when the cupola is in blast. If it is too dry, it will 
not stick well. Experience will show just how damp to 
make it. The lining should be clay washed before the 
daubing is put on, and the coat of daubing should not be 
(oo heavy. In case there are holes burned in the lining, 
which is a common thing, they should be filled with small 
pieces of firebrick set in the clay. The daubing mud can 
be put on the lining with the hands to better advantage 
than by means of tools. 

Slagging the Cupola.—There is always some slag accumu- 
lated when the cupola is in operation. In short heats the 
slag need not be tapped out, but in long heats it must be 
removed. Slag sticks to the lining, and when there is a 
yreat quantity it prevents the iron and coke from sinking 
down into the melting zone. 

Cupola slag is thick and sticky, and in order to get it to 
run it must be made fluid by means of a flux. Hither 
fluor spar or limestone, or a combination of the two, may be 
used. The amount of flux to use is given under Fluxes. 

The flux is put into the cupola on top of the iron, usually 
beginning with the fourth or fifth charge, and continuing 
with every succeeding charge. 

The slag is allowed to run out through the slag hole, 
which is opened after the cupola has been in operation for 
about an hour. Some melters prefer to keep the slag hole 
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open throughout the heat, when once opened, while oth 
allow the slag to run out and then stop the hole to allow { 
slag to accumulate for another tap. Either way works, 
usually the hole is kept open. The slag can be allowed 
run on the floor, or it may be caught in ladles placed und 
the slag spout. 

Cupola slags are generally taken to the dump as was 
materials, but they can be used. Sometimes the slag 
crushed and used for building roads. It can also be 
as a fertilizer when crushed very fine. 


BREAKING UP MOLDS AND CLEANING CASTINGS 


Breaking Up the Molds.—After the molds have he 
poured, the loose iron on top should be taken off with 
old shovel and put into a pile to be used again. 

The clamps and weights should be removed and the mole 
broken up as soon as the metal has solidified. Thin castin 
solidify within a few minutes after they are poured, but 
metal in large castings may remain in a fluid state for ho 


Snap-flask molds are much easier to break up than aw 


other kind. They are simply dumped from the board 
The boards and jackets, if used, are returned to the moldip 
benches to be used again. 


Some of the larger molds are not so easy to break up 


especially if the copes have bars. The sides of the flasl 
can be rapped with a hammer or sledge to loosen the sand 


but the bars in the cope should not be rapped because of thi 


danger of loosening them. When a cope is lifted, the castin 
should remain on the drag. The cope, after the sand 
knocked out, is placed on the floor with the pins up. Th 
drag is then rapped, removed from the casting, and set ¢ 
the cope. The casting may be dumped from the bos 
while hot, or it may be allowed to remain until cool, th 
procedure being governed by its size and shape.. Casting 
with a tendency toward warping are allowed to cool on t 


board. After breaking up the mold as described, the sané 


is wet down and prepared for making more molds. 
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Cleaning Castings.—When the castings come from the 
sind, there is always more or less sand adhering to them 
‘hat must be cleaned off before they are ready for use. The 
wites and feeders must also be broken from the castings 
hy means of hammer or sledge. The fins and small pieces 
o! gates are removed by grinding or chipping. 


Fia. 213.—Tumbling mill, or rattler. 


Large castings usually are cleaned by hand with a wire 
brush or by the sandblast method. Small castings usually 
are cleaned in tumbling barrels or rattlers, such as shown 
in Fig. 213. After the gates and feeders are broken off, 
the castings are packed into the tumbling barrel with either 
small pieces of iron or milling stars which serve to help 
clean and polish the castings as the tumbler is revolving. 

Packing castings in a tumbler should be done carefully, 
and the castings should be nearly uniform in size, or some of 
the lighter ones are likely to break. Large and thin cast- 
ings should not be packed in together, nor should the cast- 
ings be packed too loosely, because they slide when the 
tumbler is revolving and, if too loose, may break. On the 
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other hand, if they are packed too tight, they will not 
and, no matter how long they are tumbled, will not 
cleaned. Tumbling barrels are revolved at the rate of f 
25 to 50 r.p.m. 

Castings that must have a highly polished finish, 
often sandblasted, and those that are apt to break 


Fie. 214.—Small sandblast cabinet. 


tumblers, can be cleaned by this method. There are differ 
ent kinds of sandblast machinery. Figure 214 shows 
small sandblast cabinet that can be used for cleaning sma 
thin castings. They are placed in the cabinet, and th 


sandblast sand is blown through the hose and nozzle agains! 
them. This not only cleans the burned molding sand frow 


the castings, but also puts a polish on them. Sandblas 
machinery should be connected with exhaust machines 
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tliminate the dust which is generated during the sand- 
lasting operations. 

Grinding Castings.—After the sand is cleaned from the 
tastings, the small pieces of gates and risers or fins are either 
‘hipped or ground off. Figure 215 shows a grinding machine 
sed for that purpose. Grinding castings is a more or less 
(angerous job and very hard on the eyes. The operator 
should always wear close-fitting goggles. Most foundries 


Fie. 215.—Machine for grinding castings. 


have the grinding room connected with an exhaust system 
(o carry away the dirt and dust. 


QUESTIONS 


1. What are some of the important things to look after when put- 
(ing the sand bottom in a cupola? 
2. How are the breast and tap hole formed? 
3. How is the height of the coke bed determined? 
4. What governs the amount of iron to put on the coke charges 
when charging? 
5. What are some of the most important things to look after when 
charging? 
6. How are the tapping and stopping done? 
7. How is the lining of the cupola repaired after each heat? 
8. Why and when is slag usually tapped? 
9. How are the castings usually cleaned? 
10. How is the cleaning room usually equipped? 


CHAPTER XVI 


PIG AND SCRAP IRON—ALLOYING ELEMENT 
COKE—FLUXES 


The iron known as pig iron is generally produced by m 
ing iron ore in a blast furnace. Whether in the molten | 
the solid form, it is referred to by this term. 

When it is to be used for making castings, it is usu 
poured in open molds and allowed to solidify. The mol 
are made either of sand or of metal. Most of the pig i 
used for making castings is poured in metal molds, and 
then known as machine cast; that poured in sand molds 
known as sand cast. 

There are many different grades of pig iron, the mé 
important of which are classified as follows: 

Foundry pig iron, used generally for making gray int 
castings. 


Malleable pig iron, used generally for making malleah 


iron castings. 

Bessemer pig iron, used generally for steel castings. 

Coke and charcoal are the fuels used for melting the int 
ore, the former being used much more than the lat 
When charcoal is used, the iron is called charcoal pig ira 
and this is considered the best grade. 

Pig iron is usually sold on a long ton (2,240 lb.) basi 
The 240 lb. are an allowance made by the manufacturers 
make up for the sand and slag that adhere. 


Per Cent 
iGrisaers Bette ecco ate nan a ee 92.00 to 94.00 
Garbo: 8 ict ote s0 Re at a es 3.00 to 4.00 
LOGI ath tris aes ate eee atts 1.00 to 4.00 
MANCANORO... diz cuns ssc Sed Go eye Mee 0.25to 1.25 
(IPROSDHGRUB ss, <5 5, ts rie se Se 5 keel esis 0.03 to 1.50 
(opi jaa heey her a Oeste ota ne Ocoee 0.02 to 0.06 


_ 
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loundry pig irons are composed of iron, carbon, silicon, 
(ianganese, phosphorus, and sulphur. The general range 
of the elements is as shown in the table at the bottom of 
page 192. 


FOUNDRY SCRAP IRON 


Any iron that has been melted once in the cupola furnace 
\s regarded as scrap iron. It may be in the form of pigs, 
tustings, or sprues and risers. The scrap that a foundry 
iisclf makes is called home scrap, and that bought on the 
inarket is called foreign scrap. 

Gray iron scrap is generally classified as machinery, 
slove-plate, car-wheel, and railroad scrap. Scrap iron is 
tomposed of the same elements as pig iron. The elements 
ind their proportions in the home scrap are usually known, 
hut the elements and their proportions in foreign scrap 
inust be estimated when making up mixtures, because it 
would not be practical to analyze the foreign scrap. 

Scrap iron is mixed with pig iron when making up charges. 
Sometimes 50 per cent pig iron and 50 per cent scrap iron 
ure used. In some cases, all pig iron, and, in other cases, all 
scrap iron is used. 


ELEMENTS AND THEIR EFFECT ON CASTINGS 


Carbon.—Carbon is one of the non-ferrous elements in 
iron which is absolutely essential. It controls the hardness, 
voftness, strength, and weakness of the castings. 

It is usually found in gray iron castings in two forms, 
yraphitic and combined. Graphitic carbon is that which 
ippears as black, shining flakes which have separated from 
(he iron. It is easily distinguishable on a freshly broken 
surface of high-grade pig iron. It is practically a pure 
tarbon. When the iron is in a molten state the carbon is 


practically all in the combined form, but when the iron 
solidifies much of the carbon changes from the combined 
\o the graphitic form. 

The amount of combined or graphitic carbon present 
in the casting depends on the length of time that was 
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required for the iron to pass from the liquid to the 
state and the effect that some of the other elements 
on the changing of the carbon. 

Combined carbon is that portion of the total carbon wh 
remained in combination with the iron until the iron is 80 

In general, when carbon is in a graphitic form the cas 
are soft and weak, and when the carbon is in combined f¢ 
they are hard, but it is well known that when part of 
carbon is in graphitic form and part in combined form 
castings are best. It is generally conceded that combi 
carbon will strengthen castings when present up to 1 jp 
cent but that amounts above 1 per cent will weaken 
castings and make them hard and brittle. When all of 
carbon is in combined form, the castings will be so ha 
that machining is almost impossible. 

It is usually the aim of the foundryman to hold the ¢@ 
bined carbon around about 0.50 per cent of the total carly 
in the iron. 

Graphitic carbon will usually give a very open-graini 
casting, while combined carbon will give a very eld 
grained casting. 

Silicon.—Silicon seems to unite with iron in practical 
all proportions. Ferro-silicon containing as high as 12 p 
cent is a regular blast-furnace product, but foundry ire 
seldom contain more than 3.50 per cent of silicon. 

Silicon is a very beneficial element in castings. 
increases softness when present up to about 3.50 per ce 
but above that, it is claimed, will make the castings h 
and brittle. Castings with no silicon would be hard 
brittle and the fracture would be white. The softness 
proportionate to the amount of silicon up to 3.50 per ce 
It is claimed that when silicon is used in amounts grea) 
than 3.50 and up to 5 per cent, the color of the fraet 
grows lighter, the hardness returns very rapidly, and t 
strength.is changed to brittleness. 

When the molten iron passes from the fluid to the sol 
state the silicon assists the carbon to pass from combin 
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‘o graphitic form and, by so doing, helps to soften the 
castings. That being the case, silicon is used in larger 
proportions in small than in large castings, because small 
castings solidify so rapidly that the carbon does not have 
much time to pass from combined to graphitic form without 
assistance. 

Silicon in large amounts will cause large castings to 
become open grained and weak. If castings have to be so 
close grained that they will not leak under air, steam, or 
water pressure, the amount of silicon to be used must be 
regulated very carefully. 

For small, machinable castings the silicon is usually from 
2.50 to 3 per cent, and for large castings is often as low as 1 
per cent. The exact amount to use depends upon how large 
the castings are to be, and upon how soft they will have to 
be for practical purposes. 

Manganese.— Manganese will alloy with iron in almost 
all proportions. It is a beneficial element if used in the 
proper amounts but will cause trouble if the proportion is too 
high. For ordinary castings it is usually kept around 0.50 
per cent but in some castings is used as high as 1 per cent. 

The manganese in itself may harden the castings, but it 
is claimed that manganese holds the carbon in a combined 
state, thereby adding strength. It is also claimed that 
manganese will soften the iron, if the hardness is due to 
sulphur, because the manganese absorbs some of the sulphur 
and carries it into the slag. 

Phosphorus.—Phosphorus will combine with iron in 
almost any proportion. It is beneficial as well as detri- 
mental and should be used in the proper proportion accord- 
ing to the castings to be made. 

In large castings phosphorus is kept as low as 0.20 per 
cent, because of its effect in keeping the metal in a fluid 
state and thereby allowing too much carbon to change from 
combined to graphitic form. It is claimed that the phos- 
phorus of itself will weaken large castings and cause very 
heavy shrinkage. 
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In small castings phosphorus is beneficial and is 
as high as 1 per cent or over. Since its tendency is to kee 
the metal in molten form, it is used in the greater amoum 
for castings that are thin and must be run very sharp in t 
corners. Because the metal solidifies very rapidly in sm 
castings, the phosphorus does not have the weakening eff 
noticeable in connection with large castings. 

It is claimed that castings high in phosphorus will ne 
last so long when subjected to very high temperatures 
will those made with a low-phosphorus iron. 

Sulphur.—In general, it may be said that sulphur is a ver 
detrimental element in gray cast iron when present | 
amounts over 0.15 per cent but if kept below 0.10 for larg 
castings or below 0.08 for small castings does not have 
very bad effect. 

High sulphur in castings usually makes them very hg 
and brittle and sometimes causes them to crack in coolin 
It also causes blowholes when present in large amounts an 
helps to make the castings dirty. 

It is claimed that sulphur is the opposite of silicon jj 
acting on the carbon; instead of helping to change it fron 
combined to graphitic form, it holds it in combinatio) 
with the iron. 

Much of the sulphur is absorbed from the fuel when th 
iron is melting, and therefore a high sulphur fuel should no! 
be used. 


REMELTING IRON 


Changes take place in the elements every time the iror 
is melted in the cupola. Every time the iron is remelted ii 
becomes harder, due to loss in the elements that serve 
make it soft and to increase in the elements that help : 
make it hard. The amounts of increase or decrease depen 
upon how the melting is done and vary with the height o! 
the tuyeres, size of the bed, size of the tuyeres, melting 
capacity of the cupola, melting ratio, blast pressure, and 
amount and kind of flux used. 
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Carbon.—There is not a great deal of change in the total 
carbon. Itis claimed that if the iron is melted hotter in the 
cupola than it was in the blast furnace there will be a small 
increase in the carbon but that if melted cooler, there will 
be a slight decrease. For average mixtures there is no 
allowance made either way. 

Silicon.—There is a loss in silicon every time the metal 
is melted, the amount usually ranging from about one-eighth 
(o one-fifteenth. An average of one-tenth for loss in melting 
is allowed when computing mixtures. 

Sulphur.—Sulphur will increase in the casting every 
time the iron is melted. The increase will vary, depending 
greatly upon the amount of sulphur that the coke contains 
and somewhat upon the amount of sulphur that the man- 
ganese carries into the slag. The increase is usually about 
4 per cent of the sulphur in the coke. 

Manganese.—There is a loss of manganese when the 
metal passes through the cupola. The amount ranges from 
one-tenth to one-fourth of the manganese in the mixture. 
When computing a mixture, a decrease of about one-fifth 
is an average allowance. 

Phosphorus.—There is usually very little change in the 
phosphorus when the iron is melted, so that in ordinary mix- 
tures no allowance has to be made for increase or decrease. 


ALLOYING ELEMENTS 


Nickel.—Nickel is often alloyed with gray cast iron. The 
amount used depends somewhat on the results wanted in 
the casting and runs anywhere from 0.25 to 5 per cent. Itis 
often added with other elements, such as chromium and 
molybdenum. 

Nickel, when used in common gray cast iron in amounts 
from 0.50 to 2 per cent, if the silicon in the iron is 2 per cent 
or lower, will generally make the large sections of castings 
closer grained, and still leave the lighter sections soft 
enough to be machined. Castings that contain nickel 
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resist heat better, and do not corrode so easily as tha 
without it. 

Chromium.—Chromium added to gray cast iron in prop 
proportions, ranging from 0.40 to 1 per cent, will give 
more uniform hardness in the different sections of the cas 
ings. It decreases the size of the carbon flakes, also giv: 
the iron a finer grained structure. When used in the iron by 
itself, chromium is apt to make the light sections of the 
castings hard to machine, but this tendency can be ove 
come by the addition of nickel. It is claimed that chromiur 
in the iron adds to the wearing quality of the metal. 


Molybdenum.—Molybdenum, in amounts from 0.25 to 
1.25 per cent, added to gray cast iron of suitable composi« 


tion, with silicon 2 per cent or lower, generally increases the 


strength deflection, also hardness. For some castings, it i 


often alloyed with nickel and chromium.* 


FUELS USED FOR MELTING IRON IN THE CUPOLA 


Different fuels have been used for melting metals in the 
cupola furnace. 

Charcoal was one of the first, then anthracite or hard 
coal, but neither of these is now used to any extent. 

Coke has been used for many years, and is still the princi- 
pal fuel for the purpose. There are different kinds of coke, 
and the two in most common use are known as bee-hive 
and by-product. There seems to be little difference 
between them, yet some foundrymen prefer one, and some 
the other. Bee-hive coke was used before the by-product, 
but the latter is used much more now than the former. 

There are differences of color and shape in the two cokes. 
The bee-hive oven coke is silvery and the pieces are long, 
while by-product coke is much darker and the pieces are 
short. 


* Space will not permit mentioning all other elements used in cast 
iron. For further information on the subject, read ‘Cast Metals 
Hand Book,” 1940 ed., published by The American Foundrymen’s 
Association, Chicago, Ill. 
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A good grade of coke should always be used to get good 
results. Some foundrymen try to get along with a cheap 
grade of coke. They save a few cents on coke and then lose 
dollars in cold iron, low melting ratio, and high sulphur. 

Some of the principal qualifications in good coke are high 
carbon, low sulphur, and low ash. The cell structure also 
is important. A coke that is very porous will not carry 
much of a burden and will burn out too quickly. The 
following is an analysis of good average foundry coke: 


Per Cent 
HiXCGiGAT WOM cxids ete acter: alesse cole 86.00 to 94.00 
Volotilemmiatters. .c:recttaate seus Aedes 1.05 to 1.00 
ABI ce teresa oicves civ ceitte hb iste fared tak nies 10.00 to 6.00 
MULDHUTee cautiets secs ce tras ae Lica see SR 0.40 to 0.75 
IMOIRGUTO arte tts 8 ciee.c dc salem aren sins 0.90 to 1.00 


In addition to having a good grade of coke, it is also 
necessary to have the pieces of the right sizes. If the coke 
pleces are too large or too small, much trouble may be 
experienced in melting the metal hot enough to run thin 
castings. 

In a cupola under 30 in. in diameter, the pieces of coke 
should vary in size from about 2 in. to 6 in. in diameter, but 
good results could not be obtained by using all 2-in. pieces 
or all 6-in. pieces. In other words, pieces within the correct 
size limits must be mixed together. In cupolas above 30 in. 
in diameter, the coke pieces can run somewhat larger than 
6 in. in diameter. 

The amount of iron that can be melted with 1 Ib. of coke 
depends on many factors, such as, the quality of coke used, 
how hot the metal must be to run the castings, and the 
length of time the cupola is in operation to the heat. The 
melting ratio may run from 5 to 10 lb. of iron to 1 Ib. of 
coke. Melting 10 lb. of iron with 1 lb. of coke is considered 
a high melting ratio. 


FLUXES USED IN CUPOLA PRACTICE 


The materials most used for fluxing cupolas are fluor spar 
and limestone. Fluor spar is considered the best natural 
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flux. It is a mineral, and its chemical name is caleiw 
fluoride. It contains about 48 per cent of fluorine and & 
per cent of calcium, when in its best state. The kind 
for cupola practice usually runs about 90 per cent p 
The limestone used for fluxing should be very rich in lim 
for best results. 

While fluor spar is considered the better flux of the tw 
it is much the higher in price, which accounts for th 
popularity of the limestone. Some melters mix the tw 
fluxes, with very good results, it is claimed. 

Fluxes are beneficial in purifying metals. They a dd 
strength and durability to the castings. They also thin 
the slag so that it makes a thin covering for the metal helt 
for a tap, preventing oxidation. In long heats the slag 
tapped out of the cupola through the slag hole. 

The amount of flux to use depends upon the richness of 
the flux, the dirtiness of the iron charged, and the amoun 
of ash that the coke contains. About 10 to 15 lb. of fluor 
spar or 30 to 60 lb. of limestone are required to the ton of 
metal charged. When the two are mixed, the requirement 
is from 4 to 6 lb. of fluor spar and about 40 lb. of limestone. 
The flux can be charged on either the coke or the metal 
the proper amount should be put on top of each charge. 

If too much flux is used, especially fluor spar, it will caus 
the lining of the cupola to burn out rapidly; if not enough 
is used, the slag will not be thin enough to run out of the 
slag hole. 


LADLE FLUXES 


Ladle fluxes are often used in connection with cupo 
fluxes. . They are usually in powdered form and, when used 
may be poured into the ladle before the metal, or placed on 
the stream of metal as it runs from the furnace into the 
ladle. 

There are different ladle fluxes that can be bought from 
manufacturers. The kind to use depends upon the resul 
that is wanted. Many of the fluxes remove some of the 
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sulphur. This is apt to make the castings somewhat softer 
and also make the metal more fluid, so that light and thin 
castings may be poured with less danger of mis-running 


them. 


QUESTIONS 


1. What is the composition of pig iron used to make gray iron 


castings? 


2. In what forms is the carbon found in cast iron? 

3. How does the carbon affect the castings in each form? 

4. In what manner does the silicon soften castings? 

5. What effect do sulphur, manganese, and phosphorus have on 
castings? 

6. What is considered scrap iron? 

7. What changes take place in the impurities when the iron is 
melted? 

8. What are the important things to look after when selecting coke 
to be used for melting metals in the cupola? 

9. What fluxes are used in cupola practice, and why are they used? 

10. How is the slag removed from the cupola? 


CHAPTER XVII 


MIXING AND TESTING GRAY IRON 
MAKING GRAY IRON MIXTURES 


Before making up a mixture for gray iron castings certal 
factors must be taken into consideration, such as the hard. 
ness, softness, and strength of the castings. Castings thw 
must be machined should be relatively soft. Castings t 
are machined and then subjected to air, steam, gas, or wate 
pressure must be close grained. Castings used as cast may 
be relatively hard. 

It is not difficult to make up a mixture suitable for cast 
ings that are uniform in section, if the proper metal is or 
hand, but exceedingly troublesome to try to make up oni 
mixture suitable for light, thin, and large castings or fo) 
castings with both light and heavy sections. Mixtures for 
heavy castings usually differ from those used for light 
castings. 

When castings with both light and heavy sections ¢ 
poured from a mixture made up to suit the light sections 
the heavy sections are likely to be porous and leak when 
subjected to pressure. If the mixture is made to suit th 
heavy sections, the light sections are likely to be so hard 
that they cannot be machined. 

Mixing by Fracture.—Pig iron and scrap iron are broker 
and the fresh fractures are studied as to hardness, softness 
and strength. An iron that has a very open, coarse 
grain with a silvery gray color is weak and soft. As the 
grain becomes finer and the color lighter, the iron becomes 
harder and stronger. When the fracture has a white color 


and a very fine and dense grain, the iron is hard but weak. 


A fairly good mixture can be judged by studying the ; 
202 
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fracture of sand cast pig and scrap iron, but when machine 
cast pig is used the task becomes more difficult, because the 
fracture is more dense and still makes good soft castings. 

Mixing by Analysis.— Mixing iron by analysis means that 
the elements in the iron and their proportions must be 
known. Analyses can be had from the pig iron manufac- 
(urers, accurate enough for most purposes, but many foun- 
dries have their own chemical laboratories for analyzing the 
iron before making up a mixture. 

It has been found that several grades of pig iron and 
several kinds of scrap mixed will give better castings than 
only one grade of pig and one kind of scrap. 

There are two methods of computing mixtures, the 
pound-and-percentage method and the percentage method. 
There follows a concrete example of computing a mixture 
by the pound-and-percentage method. The charges will fit 
the cupola shown in Fig. 209. The mixture will be com- 
posed of 50 per cent pig iron and 50 per cent scrap iron. 

Suppose that three grades of iron are on hand, two of 
pig and one of scrap, and they analyze in this way: 


No. 1 pig No. 2 pig Scrap iron, 
iron, per cent; iron, per cent] per cent 
Catbonvicker serie eet os 3.75 3.50 3.25 
SilicoaRaetan nse eo 3.50 3.00 2.25 
Manganese.............- 0.60 0.80 0.60 
Phosphortsss.<..si vies 0.80 0.60 0.70 
Sulphtitegnip: oss ehace ras 0.03 0.04 0.08 


ee O®*=< OO TT 


The castings to be made are to have this analysis: 


Per cent 
3.40 to 3.50 
[GIy efaf Vy, yAnei Hoehne OEE IO et 
Silicon FM Ey Me ete a ed: eens tase Dre Sets 2.50 to 2.75 
MIA PANLOBE'S copia ie Fe stn ConisyaTetavenecons eas 0.50 to 0.70 
[Phosphorus tot eiectgas 2: thadte omen c.c ete 0.60 to 0.80 
lures eta yearns tr te see not over 0.10 
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The detailed computation of the mixture would be: 


CarBON 
200 Ib. of No. 1 pig iron 
100 lb. of No. 2 pig iron 
300 lb. of scrap iron 
600 lb. of the mixture 
100 Ib. of the mixture 


contain 7.50 lb. of earl 
contain 3.50 lb. of carh 
contain 9.75 lb. of carl 
contain 20.75 Ib. of carl 
contain 3.46 lb. of carly 


The percentage of carbon is therefore 3.46. 


SILIcoN 
200 Ib. of No. 1 pig iron contain 7.00 lb. of silic 
100 Ib. of No. 2 pig iron contain 3.00 lb. of silic 
300 Ib. of scrap iron. contain 6.75 lb. of silic 
600 lb. of the mixture contain 16.75 Ib. of siliv 
100 lb. of the mixture contain 2.79 lb. of sille 
Loss in melting (149 of the above) 2.79 0.28 lb. of sili¢ 


Remaining in castings made from 100 lb. of mixture 2.51 lb. of silic 


The percentage of silicon is therefore 2.51. 


MANGANESE 
contain 1.2 Ib. of mangan 
contain 0.8 lb. of mangan 
contain 1.8 lb. of mangan 
600 lb. of the mixture contain 3.8 lb. of mangan 
100 lb. of the mixture contain 0.633 Ib. of mangani 
Loss in melting (1% of 0.633) 0.127 Ib. of mangan 
Remaining in castings made from 100 lb. of mixture 
0.506 Ib. of mangan 


200 Ib. of No. 1 pig iron 
100 lb. of No. 2 pig iron 
300 lb. of scrap iron 


The percentage of manganese is therefore 0.506, say 0.51. 


PHospHorRuS 


200 lb. of No. 1 pig iron contain 1.60 lb. of phospho 
100 Ib. of No. 2 pig iron 
300 Ib. of scrap iron 

600 Ib. of the mixture 
100 lb. of the mixture contain 0.72 lb. of phosphor 


The percentage of phosphorus is therefore 0.72. 


SULPHUR 
contain 0.06 Ib. of sulphu 
contain 0.04 Ib. of sulphi 
contain 0.24 Ib. of sulphy 
contain 0.34 Ib. of sulphy 
contain 0.057 Ib. of sulphy 


200 lb. of No. 1 pig iron 
100 lb. of No. 2 pig iron 
300 Ib. of serap iron 

600 Ib. of the mixture 
100 lb. of the mixture 


contain 0.60 lb. of phosphort 
contain 2.10 lb. of phosphory 
contain 4.30 lb. of phosphory 
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Sutpnur (Continued) 

Gain in melting (4 per cent of sulphur 

in coke, assuming a coke contain- 

ing 0.75 per cent sulphur) (0.75 X 

0.04) = 0.03 Ib. of sulphur 
xisting in castings made from 

100 lb. of mixture 0.087 lb. of sulphur 

The percentage of sulphur is therefore 0.087, say 0.09. 


Computing the same mixture from the same iron on the 
percentage basis: The percentage of an element represents 
the number of pounds of that element contained in 100 lb. 
of pig iron and scrap. By multiplying the element per- 
centage by the charge percentage the number of pounds of 
each element in the pig and scrap iron is obtained. The 
detail computation is as follows: 


CarBON 
Use 35 per cent of No. 1 pig iron (0.85 X 3.75 = 1.3125) 
Use 15 per cent of No. 2 pig iron (0.15 X 3.50 = 0.5250) 


Use 50 per cent of scrap iron (0.50 X 3.25 = 1.6250) 


The percentage of carbon in casting is therefore 3.4625 
SILICON 

Use 35 per cent of No. 1 pig iron (0.35 & 3.50 = 1.225) 
Use 15 per cent of No. 2 pig iron (0.15 X 3.00 = 0.450) 
Use 50 per cent of scrap iron (0.50 K 2.25 = 1.125) 
2.800 

Allowance made for loss in melting, 9 of 2.800 0.280 
The percentage of silicon in castings is therefore 2.520 

MANGANESE 

Use 35 per cent of No. 1 pig iron (0.35 X 0.60 = 0.210) 
Use 15 per cent of No. 2 pig iron (0.15 X 0.80 = 0.120) 
Use 50 per cent of scrap iron (0.50 X 0.60 = 0.300) 
0.630 

Allowance made for loss in melting, 16 of 0.630 0.126 


The percentage of manganese in castings is therefore 0.504 
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PHOSPHORUS 


Use 35 per cent of No. 1 pig iron (0.35 X 0.80 = 
Use 15 per cent of No. 2 pig iron (0.15 X 0.60 = 
Use 50 per cent of scrap iron (0.50 X 0.70 = 


The percentage of phosphorus in castings is therefore 


SULPHUR 
Use 35 per cent of No. 1 pig iron (0.35 X 0.03 = 
Use 15 per cent of No. 2 pig iron (0.15 X 0.04 = 
Use 50 per cent of scrap iron (0.50 X 0.08 = 


Allowance made for increase in melting 


The percentage of sulphur in castings is therefore 0.086 


Table IV gives the approximate analyses of various kind 
of castings. It is not possible to give more than the approx. 
imate, because the actual analyses must be governed by th) 
specifications for strength, softness and depth of ch 
desired. 


TaBLE IV.—ApproximaTr ANALYSES oF VARIOUS CASTINGS 


Silicon Sulph 
Agricultural machinery....... 2.50 
Boilercastings.. 2... 0e... - 2e25 : 
Brake shoes; wuss Meee atl SP 2e00 0.75 
Car wheels, chilled........... 0.80 0.80 
Cylinders, small............" 2.25 0.60 : } 
IV WHCGlA ne cet cnce ea teres s| CLE TO 0.60 0.50 0.08 
Gear wheels, small........... 2.25 0.50 0.60 0.08 
Grate barst, ok. se eoa ees 2.00 0.60 0.40 0.08 
Elowspomtsins7 scone 5 eke 1.25 0.80 0.50 0.10 
Machinery castings, small....) 2.50 0.50 0.50 0.08 
Machinery castings, large... . 1,50 0.80 0.50 0.10 
Railroad castings............ 2.00 0.60 0.40 0.10 
Stove plate... Ate oe woe 2.75 0.50 0.60 0.08 


TESTING GRAY CAST IRON 


The main tests to which gray cast iron is subjected are 
transverse strength, flexure, shrinkage, chill, and hardness ; 
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Testing Machines.—There are many types of testing 
machines used for testing gray cast iron. Laboratories 
have machines that are operated by hand, steam, air, or 
electric power. Small shops and school foundries depend 
upon hand-power machines. Figure 216 shows a hand- 
power machine for making the transverse and flexure tests. 


Fig. 216.—Transverse and flexure testing machine. 


It is very simple, and there is no necessity to go into detail 
concerning its operation. 

Test Bars.—The bars used for making the transverse 
test may be either round or square, from 14 to 1!4 in. in 
diameter or 14 to 2 in. square. Engineers, metallurgists, 
and foundrymen differ as to the best size of bar to use, but 
the bar that is as nearly standard as any is 114 in. in 
diameter and 15 in. long. It is known as the Arbitration 
test bar. 

The transverse-strength test is made by placing the bar 
on knife edges 12 in. apart and applying the load on the bar 
in the center until the bar breaks. To find the transverse 
strength of the bar in pounds per square inch, the breaking 
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to its varying composition, the method of melting, and the 
rate of cooling. The transverse strength of gray cast ire 
in pounds per square inch should not be under: 


. 
load in pounds is divided by the area of the bar in squi the mold has been poured and the bar is cool enough to | 
hdbene. handle, it is measured and the contraction noted. 

For example, if the bar breaks at 3,500 Ib., the trans : Hardness Test.—To test the castings for hardness, either 
strength is computed as follows: The area of the arbitral) sample casting or a test bar can be used. The pieces of | 
bar is 0.625 X 0.625 X 3.1416 = 1.227 sq. in. The tr rl (he bar used in the transverse test will do very well. The | 
verse strength is 3,500 + 1.227 = 2,852 lb. per square in " 

: Ceri : q t | nwa ake a /43 ame ae sat etd | ] 
There is a great variation in the strength of cast iron, d | 


For light castings a fshis TOR Lo ee Be 2,100 Ib. So) Soe fe 1 , WN 
Pormiedim castings, .. 20s ..0+ 0% n34.; eahees 2,400 lb. Nes i | 
Rorheayy Gastiipenin.. acme .s4.c lke se aen 2,700 Ib. Fig. 217.—Shrinkage clamp and bar. 
Iron of some compositions and grades will have greatef © hardness is determined by drilling holes in the iron and | 
transverse strength, sometimes as high as 3,500 lb. observing the speed of cutting or by filing the iron. Either || 
square inch. lest can be made very accurately after a little practice. | 
Flexure Test.—The flexure test is usually conducted There are two tests for hardness that are made with \| 
connection with the transverse test. It shows how m t special testing machines. These tests are known as the | 
the iron will bend before it breaks, an indication of wheth Brinell and scleroscope hardness tests. 


or not it is suitable for castings that have to withstand ma | 
jars and shocks. A bar 1)4 in. in diameter, 12 in. betwe | 
supports, should bend at least 0.10 in. before breaking, 4 | 
in many cases the deflection will be as much as 0.15 in. | 
| 
| 


Shrinkage.—F or some castings, such as pulleys and gear 
it is important to know the rate of contraction of the irg | 
If the contraction is known when the patterns are mad@ 
shrinkage allowances can be made accurately. In gr | 
cast iron the contraction ranges from 42 to 14 in. to | 
foot. The average is 1g in. | 

When making the test bars to be used in measuring co HiIl 
tractions, a pattern 12 in. long and 1 in. square is usual HI} 
used. A good and simple way to make the bar is to ‘ 
the pattern in a clamp, as shown in Fig. 217, and then bui 
the mold around it. The inside dimension of the clan 
should be exactly 12 in. When using a clamp in maki 
the mold, there is no danger of rapping the pattern leng 
wise and thus making the mold longer than 12 in. 


PART VI 
NON-FERROUS METAL FOUNDING 


CHAPTER XVIII 
NON-FERROUS METAL FOUNDING 


Molding for brass and aluminum casting is similar to 
molding for gray iron casting. Anyone who understands 
making molds for iron can soon learn to make molds. for 
brass. The molding exercises that have been considered 
in this book can be poured of brass as well as iron. 

Brass-molding Sand.—The molding sand used for making 
molds for brass and aluminum castings is usually of a finer 
grain than that used for iron, since the castings should be 
very smooth. The selection of sand for brass casting is 
especially important, since brass has a tendency to eat 
into the sand, causing the castings to be rough and streaky. 
There are on the market several sands known as brass 
sands, which can be had from the sand supply houses. 

Foundries that make only a few brass and aluminum 
castings usually do not put in a supply of brass sand, but 
they can make fairly smooth castings by facing the patterns 
with a brass sand to a depth of about /4 in. and then making 
the remainder of the mold with the common sand on hand. 

A comparatively smooth surface for brass or aluminum 
castings can be made by dusting some cement on the surface 
of the mold after the pattern is drawn and then printing 
back the pattern. The patterns, however, must not be 
allowed to remain in the sand very long, because the cement 
gets damp and the sand will stick to the pattern and thereby 
spoil the face of the mold. 

Sands used for non-ferrous metals should be kept very 
clean and free from foreign matter. Materials that will 
cause them to become coarse should be kept out. Such 
substances as small pieces of dry-sand cores and nails should 
be carefully picked out. 
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Parting Materials.—Common parting sand should no 
be used for making partings when a fine grade of brass sand 
is used, because it is too coarse and will soon spoil the sand 
for brass molding. There are on the market several parting 
materials, known as parting compounds, which work ve 
well and do no harm to the sand. Lycopodium, also, is 
a good parting material, but the objection to using much of 
it is its high price. When parting compounds are used 


they should be put into a bag and a fine layer dusted on the 


mold. 
NON-FERROUS METAL FURNACES 

There are many types of furnaces used for melting metal# 
in the non-ferrous metal foundries, but only three will 
illustrated, the crucible-coke-fired pit furnace, one type of 
tilting oil- or gas-fired furnace, and one type of electria 
furnace. 

Crucible-pit Furnace.—The crucible-pit furnace is one 
of the oldest furnaces for melting non-ferrous metals, and 

it is being used a great deal at the 
present time. It is one of the 
cheapest first-cost furnaces, and 
many small brass foundries which 
do not have the capital to install 
the more modern furnaces melt, 
their metal in the crucible-pit 
furnace and get along very well. 

Figure 218 shows the construc- 
tion of a crucible-pit furnace, 
The shell A is made of steel plate 
about 34¢ in. thick. It rests on a 
plate B made of cast iron. The 
Fra. 218.—Crucible-pit legs C support the furnace high 

aes enough from the floor to allow 

for draft and ashes. The grate D works on hinges so that, 
it can be raised and dropped. The grate is turned by the 
handle G. The cover EF holds down the flame. The fur- 
nace should be connected by the flue F with a chimney. 
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Crucible-pit furnaces can be built easily or they can be 
purchased from foundry supply houses in sizes ranging from 
23 to 36 in. in diameter and from 24 to 36 in. in height. 
Their melting capacities in one heat are from 20 to 300 lb. 
of brass or from 10 to 100 Ib. of aluminum. The linings 
are made of brick and are applied about the same as in the 
cupola furnace. Sometimes the furnaces are set on the 
floor, but, in most cases, they are set in a pit because they 
are more easily operated in such a setting. 


Fia. 219.—Cross section of crucible furnace. 


Operating the Crucible-pit Furnace.—A cross section 
of a charged crucible-pit furnace is shown in Fig. 219. 
Shavings and kindling are placed on the grate with about 50 
lb. of coke on the kindling. After the coke bed is well 
lighted, build up the coke bed so that the top of the crucible 
A, when put in, will be even with the top of the flue B. 
Place the metal in the crucible and the crucible on the coke 
bed. Fill in around the crucible with small pieces of coke 
up to the level of the top of the crucible, and close the cover. 

No further attention need be paid to the furnace for 
about an hour except to see that the fire is burning. It 
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requires about 1 to 2 hours for the metal to begin melting 
in a natural draft furnace, especially when brass is melted, 

It sometimes happens that the coke burns out around the 
crucible before the metal is hot enough for pouring. In 
such cases, the crucible must be raised and new coke pul 
around it. To lessen the tendency of the crucible to sink 
to the grate, it is a good plan to put a brick C about 4 
in. thick on the grate before charging the furnace. 

As soon as the metal is hot enough to run the castings, 
the crucible should be taken from the furnace and set into 
the shank, and the metal should be poured. 

If only one heat is to be taken out of the furnace in a day, 
the coke should be dumped and the crucible placed in a 
warm place to cool. If more than one heat is to be taken, 
more coke should be put on the bed, the crucible recharged 
and set into the furnace, and more coke placed around the 
crucible. 

The bottom of the furnace and grates should be kept free 
from ashes and cinders, or the draft will not get through, 
causing much trouble in getting the metal hot enough to run 
the castings. Also, too much time will be consumed for 
the heat. In a natural-draft furnace only about three heats 
can be made in one day. 

The Tilting-type Oil- or Gas-fired Furnaces.—The tilt- 
ing-type oil- or gas-fired furnaces are more modern than the 
crucible-pit furnaces, and they are being used a great deal 
for melting brass and aluminum. Some of them require 
crucibles, while in others the metal is melted directly in the 
furnace. Figure 220 shows a tilting oil- or gas-burning 
furnace. The illustration is so plain that there is no need 
to go into detail concerning construction or operation. 
When a heat is to be taken, the metal is put into the furnace 
and the fuel turned on. When the metal is hot enough to 
pour, the furnace is tilted and the metal is poured out into 
either a crucible or a ladle. 

The receptacle that the metal is poured into should be 
preheated to prevent chilling the metal. 


‘ 
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Fig. 220.—Tilting-type oil- or gas-fired furnace. 


Electric Furnaces.—Flectric furnaces are being used more 
every year for melting brass and aluminum. They are 


Fie. 221.—Electric furnace. 


considered the most modern furnaces for melting metals and, 
by some melters, the best furnaces. Their installation cost 
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is very high when compared with some of the other furnaces, 
but it is claimed that the operation cost is not very high, 
There are different makes of electric furnaces in use, and al 
have their merits. Figure 221 shows one type of furnace 
that is used a great deal. The furnace is shown at A, and 
the switchboard needed in operating the furnace is shown 
at B, 
The furnace shell is lined with highly refractory firebricks, | 

The metal is charged into the furnace through the front j 
door and when melted is poured into either a ladle or a crus 
cible through the spout C by tilting the furnace. 

The furnace is heated through the electrodes DD, whieh 
are horizontally projected into the furnace and regulated 
to form the are. A furnace such as illustrated is usually 
operated on a voltage of from 110 to 125 volts. 

Crucibles.—The crucibles, shown in Fig. 222, are made of 
graphite and a special clay known as German clay. They 
are made in standard sizes and numbered from 1 to 400, 
To find the amount that a crucible will hold, multiply its 
number by three for brass, and by one for aluminum. For ( 


, 


Fic. 222.—Standard sizes of crucibles. 


example, a No. 20 crucible has a capacity of 60 Ib. of brass 
or 20 lb. of aluminum. 

A new crucible should be annealed and then heated 
gradually to about 600°F. before the first heat is taken 
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Heating a new crucible too rapidly will cause it to crack or 
flake off (known as scalping). Crucibles should be kept in 
a warm place, free from moisture. The shank and tongs 


Holdin ; 
Gapaete Height Diameter at | Diameter at | Diameter at 
Nos. liquid outside, top outside, bilge out- | bottom out- 
measure, inches inches side, inches | side, inches 
pints 
6 2% 643 514 5446 334 
7 24 634 536 5he S 
8 3 74 534 534 414 
9 334 758 6 634 4 
12 ‘ 84 8% 084 ee 
12 44 4 4 4 
14 534 85g if 7% 54% 
16 64 944 74 734 5% 
18 8 10 744 See 54 
20 9 103¢ 734 815 6% 
25 104% il 814 9 6% 
30 114 11% 834 936 ve 
35 1448 1244 934 10 74 
40 1234 954 1014 75 
45 19 13% 10 10% 734 
50 2234 1314 1014 114 
60 25 141g 1044 1114 81g 
70 2614 14% 1084 12 814 
80 31 1544 11% 1214 8g 
90 36 16 1134 1234 9 
100 37 16144 124% 13% 916 
125 41 1634 1214 14 10 
150 53 19 1344 1474 103¢ 
175 64 1934 14 16 11 
200 75 2034 15 1634 11% 
225 83 2074 15 16 4 12% 
250 85 21 153g 17}, 1% 
275 91 2214 15 17 12h 
300 98 2219 1614 175 1234 
400 131 2414 1719 1914 14 


must fit properly, and when the crucible is removed from 
the furnace, it should never be placed in wet sand or on a 
damp floor. 

A few don’ts to be observed in the care of crucibles are: 

Don’t put a damp crucible into a hot furnace. 

Don’t use wet coke to melt metals. 

Don’t wedge the metal into a crucible. 

Don’t leave the crucible in the fire after the metal is 
ready to pour. 

Don’t leave the metal in the crucible to cool. 

Don’t drop cold metal into the crucible from a distance. 

Don’t set hot crucibles in cold drafts or near an open door 
during cold weather. 
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Tongs.—Figure 223 shows three kinds of tongs made | 
wrought iron. The tong used to lift the crucible out of ¢ 
furnace, shown at A, should fit the crucible well to preve) 
damage to the crucible when it is drawn from th 
furnace. 

The tong shown at B is called the pickout tong; it is us 
to pick out the coke around the crucible to make it possil 
to get a firm hold on the crucil 
when it is lifted out. 

The tong shown at C is eall 
the shakeout tong; it is used { 
take the castings out of the san 
after the molds are broken up. 


ALLOYING NON-FERROUS 
METALS 

The metals most frequentl: 
used to make non-ferrous me 
castings are copper, tin, zinc, leac 
and aluminum. These fiy 
metals may be mixed in varyin 
proportions to form many allo 
chief among them red brag 
yellow brass, bronze, bea 
metals, and alloys of aluminum. 

When alloying, the metal with the highest melting poir 
should be melted first, then the one with the next highs 
melting point, and so on until all of the metals that are t 
make up the alloy are melted together. For example, iJ 
making a red-brass alloy, the copper is melted first, the 
the zinc, then the lead, and last the tin. As soon as th 
mixture is hot enough to run the castings, it should | 
taken out of the furnace, or the zinc, tin, and lead m 
burn away. 

Red brass is usually a mixture of copper, tin, zine, ar 
lead. The proportions of the metals are not always th 
same. ‘Two mixtures often used are as follows: 


Fig. 223.—Crucible, pickout, 
and shakeout tongs. 
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Rep Brass 


Mixture 1 Mixture 2 
Copper 85 per cent Copper 60 per cent 
Tin 5 per cent Tin 4 per cent 
Zine 5 per cent Zine 4 per cent 
Lead 5 per cent Lead 2 per cent 


Red brass scrap | 30 per cent 


Yellow brass is usually a mixture of copper and zinc, 
although many of the yellow-brass alloys contain a small 
percentage of tin and lead. The following are typical 


_ yellow-brass mixtures: 


YELLow Brass 


Mixture 1 Mixture 2 
Copper 70 per cent Copper 73 per cent 
Zine 30 per cent Zine 23 per cent 
Tin 2 per cent 
Lead 2 per cent 


There are many alloys called bronze. The most common 
ones are known as straight bronze, phosphor bronze, and 
manganese bronze. 

Straight bronze is usually a mixture of copper and tin, 
but there are many bronzes that contain zine and lead, 
especially the cheaper mixtures. The following mixtures 
are known as straight bronze: 


BRONZE 
Mixture 1 Mixture 2 
Copper 90 per cent Copper 89 per cent 
Tin 10 per cent Tin 8 per cent 
Zine 1.5 per cent 


Lead 1.5 per cent 
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Phosphor bronze castings may be made by adding a litt 
phosphorus to the mixture. ' 
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If phosphor tin is used 


alloyed with the copper, better results will be obtained th 


if the phosphorus is mixed with the copper. 


mixtures are called phosphor bronze: 


PHospHor BRONZE 


Mixture 1 


Copper 
Phosphor tin 


Manganese bronze alloys are usually made by usit 


90 per cent 
10 per cent 


The followi 
Mixture 2 
Copper 65 per cen 
Phosphor tin 5 per ce 
Zine 2 per cen! 
Lead 3 per ce 


Scrap phosphor 
bronze 


25 per cen) 


both copper that contains from 5 to 15 per cent of m 
ganese and copper that contains no manganese. 
following mixtures make typical manganese bronze: 


MANGANESE BRONZE 


' Mixture 1 


Copper that con- 
tains 15 per 
cent manga- 
nese 

Copper that con- 
tains no man- 
ganese 

Zine 

Aluminum 


3 per cent 


58 per cent 


38 per cent 
1 per cent 


Bearing metals are made according to formulas. n 


Mixture 2 
Copper that con-| 8 per cen 
tains 5 per cent 
manganese 
Copper that con-| ‘51 per cen 
tains no :nan- 
ganese 
Zine 40 per cen) 
Aluminum 1 per cen! 


following are two typical mixtures: 
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Brartna Metau 
Mixture 1 Mixture 2 
Copper 76 per cent Copper 38 per cent 
Tin 8 per cent Tin 4.5 per cent 
Lead 15 per cent Lead 7.5 per cent 
Phosphorus 1 per cent Scrap bearing 50 per cent 
copper metal 


For metal-pattern and match-plate mixtures, the fol- 
lowing formulas may be used: 


Merau Parrerns 


Mixture 1 Mixture 2 
Copper 8 per cent Antimony 10 per cent 
Aluminum 92 per cent Zine 5 per cent 
Tin 25 per cent 
Lead 60 per cent 


Aluminum Alloys.—Aluminum is used extensively for 
castings that are to be light in weight, light in color, or 
{hat must not rust. Aluminum in itself, however, is too 
soft a metal for making castings, so that it is necessary to 
mix some other metals withit. The metals that alloy freely 
with aluminum are copper, zinc, and iron. Usually, where 
aluminum alloys are made, the aluminum predominates. 

To obtain a well-mixed alloy, it is generally necessary to 
make a primary alloy first, and this alloy is known as a 
hardener. Ordinarily, it contains 50 per cent of copper 
and 50 per cent of aluminum. The hardener is cast into 
pigs suitable for handling. When the alloy for the casting 


is to be made, a certain percentage of the hardener is mixed 
with the pure aluminum. For example, in making the 
mixture known as the No. 12 aluminum alloy, which con- 
tains 8 per cent of copper, 84 per cent of aluminum and 16 
per cent of the hardener are used. 


|| 
) 
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Dowmetal.—Although this is one of the new ecasti 
metals, each year finds it in increasing demand commer 


ally. It is used for castings that must be light in wei 
and also have a highly polished surface. 


The alloy can be cast in either sand or metal mol 
However, some special equipment is required for handlii 
and melting it, and the method of molding and pouring 


is also different from that used for other metals. For 


reason, not many foundries are equipped to make Dowmet 


castings. 


The Dowmetal generally used for castings contains abot 


91.8 per cent magnesium, 8 per cent aluminum and 0.2 7; 
cent manganese, but it is available in different compositio 


Die Castings.—The molds used to make die castings # 
generally made of high-carbon steels or low-carbon iron 
They are very costly to make, and are used only when 
large number of comparatively small castings of one kit 


are to be made. 
Die castings have many advantages over sand-m¢ 


castings. They are usually very smooth and accurat 


eliminating much work in machining. 
Different alloys are used to make die castings, the mo 
common being zinc base, and aluminum, also Dowmetal 


QUESTIONS 


1. What kind of molding sand is generally used for brass moldin 

2. How can brass castings be made in shops that have no reg 
brass-molding sand? , 

3. What parting materials are usually used for brass molding? 


4. What types of furnaces are generally used for melting nor 


ferrous metals? : 

5. What care should be exercised in handling crucibles? 
6. Give some of the don’ts for the care of crucibles. 
7. How are crucibles taken out of a furnace? 
8. What is brass? Give a mixture. 
9. What is bronze? Give a mixture. 

10. How are the aluminum alloys made? 

11. Give a composition of Dowmetal. 

12, What advantages have die castings over sand-mold castings 
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PROBLEMS OF FOUNDRY MANAGEMENT— 
INSPECTION OF CASTINGS—DEFECTIVE 
CASTINGS AND CAUSES OF DEFECTS— 
SAFETY IN FOUNDRIES 


PROBLEMS OF FOUNDRY MANAGEMENT 


The manager of a foundry has many problems to deal 
with that do not come directly under the heading of molding, 
dry-sand coremaking, the melting of metals, or the cleaning 
of castings. Although most managers understand these 
subjects, they must also be able to solve problems that fall 

under different headings. 

The manager should know something about arranging | 
the floor plan of a foundry, what permanent equipment is 

| 
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needed, and where to place it for most economical operation 

and routing of materials, what size furnace to select and 
how to line and operate it, how to select materials and 

* compute proper mixtures for the castings that are to be 
made. | 
After each daily heat has been run, he should know how | 
much and what kinds of metal and coke were used, how 
| 

| 


many pounds of good and bad castings were made, the 
amount of metal and coke left over in the dump, how much 
iron was needed for sprues and risers, and the amount of 
molten metal remaining after the molds were poured. With 
the above information at hand he is able to compute the 
melting loss, the melting ratio, the percentage of good and 
bad castings made, and the amount of metal needed for 
gates and feeders. 
There are many other problems which the manager has 
- to deal with, such as the cost of the castings, labor problems, | 
the design of flasks, determination of the causes of defective 
castings, the selection of equipment and supplies. 
It is not the aim to go into the details of all the problems 
that a foundry manager has to deal with but rather to 
7 227 
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acquaint men with some of the problems from the manag 
ment side of the foundry business; and in order to be abl 
to do so, the problems have been arranged in exercises whic! 
will be taken up as follows: 


PROBLEM 1. LAYING OUT A FOUNDRY FLOOR PLAN 


Before students begin this problem, they should be required 
read and study the floor plan of a foundry given in the first part of th 
book. If possible, they should be given other foundry plans 
study before making plans of their own. 

After studying floor plans, they are to lay out and arrange the floo 
plan of a certain size of foundry, showing each room, storage bin 
yards, and railroad siding. They should show where some of th 
principal pieces of equipment are to be placed, such as the cupo 
stairway to the charging floor, elevator to take the materials to th 
charging floor, scale used for weighing charges, cinder mill, core over 
coremaking benches, tumblers, and grinding machines. 

The size of the foundry and information concerning the organi 
zation and personnel needed to operate it should be given to the 
students, as should the tonnage expected per day, the number @ 
pounds of good castings expected daily, and the size of the castings t 
foundry is to handle. 

The students should also be given information as to the amount of 
floor space to plan on for each ton of good castings to be turned oul) 
each day, the average number of pounds of good castings expected 
from each molder, the length and width of the molding-floor space t¢ 
be used by each molder, about how wide to make the main gangway ‘ 
and the scale to use in making the plan. 

The following data can be used for a 6-ton foundry floor plan, b 
plans for a foundry of any other size may be worked out by the 
instructor. 


Instruction and Data Sheet for a 6-ton Foundry Floor Plan 


Charge 12,000 lb. of iron per day. 
Foundry to produce 8,000 Ib. of good castings per day. 
Size of castings to be made: 1 oz. to 1 ton. 
Organization and personnel for operating the foundry: 

1 Manager 

1 Book- and timekeeper 

1 Foreman 

16 Modders (bench or floor) 

3 Dry-sand coremakers 

1 Cupola tender 
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1 Laborer to make up charges 
4 General laborers 
Specifications for laying out the molding floor: 
1. Allow 800 sq. ft. of molding-floor space outside of the main gang- 
ways for each ton of good castings made per day. 
2. Plan on one molder to produce on an average 500 lb. of good 
castings per day. 
3. Give each molder a molding-floor space 25 ft. long and 8 ft. wide. 
4. Make the main gangways in the molding room from 6 to 8 ft. 
wide. 
5. Use a scale of /¢ in. to the foot when laying out the floor plan. 
As to the other parts of the plan, such as rooms, yards, and bins, 
the sizes given in the floor plan in the first part of the book can be 
used for a 4- to 5-ton foundry and can be increased in proportion as 
the size of the foundry is increased. Or, if the instructor wishes to 
specify his own dimensions, he can, because the sizes given are 
based on average practice and are not given as a hard and fast rule. 


PROBLEM 2. CUPOLA PRACTICE 


In the cupola-practice problem each student should be assigned a 
certain size of cupola, one that is suitable for the foundry planned. 
He is to show by cross-sectioning how the cupola is to be lined and 
charged when a heat is to be taken. The students can make their 
own drawings of the cupolas, or outlines may be furnished by the 
instructor. 

Certain information and charging instructions should be furnished 
the student, but general information on cupola practice should be 
learned from the book and used in working the problem. 

The following form is an example that may be made up and given 
to the student when the exercise is assigned. He should return the 


Dimensions of Cupola 


Inside diameter of cupola shell.............. bi) ins 
THIGKNOSSLOD MOI aay oe iah chee asain Clee Ie 
Inside diameter at tuyeres.................. 42 in. 
Height from bottom plate to bottom of charg- 

Lin) dls Co) cae a eg pra He RBCS Sac aC a ar 12°) ht 


Height from bottom plate to bottom of tuyeres 16 — in. 
Height from sand bottom (back side) to bot- 


HOMINOMGLIVCLES Ns ics Hee stele ain ae dags OM oe Seale 10:4 “iis 
Height from sand bottom (at spout) to bottom 

CLARY GLOR <n ee 6G. Se Herat ehe Ma Pa ee a 12.9 7in; 
Number of tuyeres in cupola...... 6 


es of tuyeres on inside of lining: £3 in. a dali 1% in. wider 
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form when the exercise is completed. It works best if each student, 
assigned a different size of cupola or given different charging inst; 
tions. The form should contain the cupola dimensions needed to 
compute the charge, the charging instructions, and charging notes, 


Charging Instructions 


1. Make the first charge of coke (the bed) 20 in. above the top of 
the tuyeres. 

2. Charge 2 Ib. of iron to 1 lb. of coke on the bed. 

3. Use a 41%4-in. layer of coke between layers of iron. 

4. Charge 10 lb. of iron to 1 Ib. of coke on the second and following 
charges. 


Charging Notes 


1. One pound of coke will occupy about 65 cu. in. when charged in 
a cupola. 

2. One pound of iron will occupy about 9 cu. in. when charged in 
a cupola. 

3. When computing the coke charge, make it the nearest multiple 
of 10 lb. Example: If the result obtained is 128 lb., make it 130 lh, 

4. When computing the iron charges, make them the nearest multi 
ple of 25lb. Example: If the result obtained is 910 Ib. make it 900 Ib, 

5. Compute and enter on the drawing the additional amounts of 
iron and coke needed to complete the heat planned for. 

6. When making the cupola sketch, use the scale: 14 in. = 1 ft. 

Note.—The dimensions and figures given here may be varied at 
the discretion of the instructor. 


PROBLEM 3. COMPUTING MIXTURES, MAKING UP CHARG 
ING SHEETS, COMPUTING SUMMARY, TESTING IRON, 
AND COMPUTING COST TO MANUFACTURE 
CASTINGS 


In this exercise the students are to get some training in dealing 
with problems that come up almost every day when operating 
foundry. The data that are to be furnished for this exercise should 
be based on the size of foundry planned in Prob. 1. 

The students should get some practice in this exercise in computing 
mixtures, making up charging sheets, compiling the results and data 
after the heat has been taken, testing metals, and computing the cost 
to manufacture castings. 

It will be necessary to furnish the students with forms, which, ii 
has been found from practice, can be handled best in three sheets, 
either printed or mimeographed. 
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The three sample forms are as follows: 


SuHeet 1 
Founpry MANAGEMENT, Computine Mixture, Heat SumMARyY AND 


Cost ANALYSIS 


Student’s Name. 
Seat No. 
Period — 
Hours. 


ANALYsis oF Iron IN Stock 


No. 1 Pig Iron No. 2 Pig Iron Scrap Iron 
er er er 
cent, cent cent 
CatBOn nc as sc sa6 is SB Srihe OED Os a iain ts ote See S225 Carbone. .i.3%.. 50.06 3.00 
Siltgonten tessa cas 5 SC PRU COR on & feds s,537, 05.6 2 te LUON oe erie siete 2.00 
Manganese......... 0.80 Manganese......... 0.60 Manganese......... 0.50 
Phosphorus.......- 0.90 Phosphorus........ 0.50 Phosphorus........ 0.60 
Sulphde. cos eccee a 0.03 Sulphur’, i606 5 35s 0:05: Sulphur 2 a. 6 oa, 0.08 
ANALYSIS REQUIRED IN THE CASTINGS 
Per Per 
5°00 to 3.40 
Bi 4 FY TOOT RCE ea Fn tcl Pade a to 3.40 
Poe re || 2.25 to 2.50 
Manganese. .. 0.40 to 0.60 
Phosphorus . 0.60 to0.70 
Sulphur not over 0.10 
Mixtures Comrutep rn 1,000-18n. CHarars 
Carbon 
No. 1 pig iron________lb. Gh, 
No. 2 pig iro b. | 
Serap iron l= Tb: Co 2 lb, 
Total eae SSS 5 Co Ih, Gs percent, 
Silicon 
No. 1 pig iron_______Ib.. iS Ib. 
No. 2 pig iron______lb. |b, 
Serap iron See Ib: A 
Tota 784" — Ip; Bi bee ar cent 
LiGearehtr ite tn 6) talkin ois is oc vrards. spin. gceiie.c cis sr uiels aca oealnnty Si______per cent 
SECON TT OMBUINGN tee arc seis ats «alte ip oicke bbs iiate al s-0't.s eet —— per cent 
Manganese 
No. 1 pig iron__—____lb. Mie ib; 
No. 2 pig iron______lb. ee oy 
Serap iron = _____lb. he Ne 
Total EASA |" 5 Mn_—____lb, = Mn_________per cent 
VGpa Ctimiing- Melati ee ets cele « oio.e sicie o. oa'e cis ah ep ie F ue ate ee Mn______per cent 
Manganbse in Castings... icc ek ae ce ee site se wena see te ——____per cent 
Phosphorus 


No, 1 pig iron________Ib. 
No. 2 pig iron______lb. 
Serap iron b 


Total - [Sees | per cent 
No. 1 pig iron_______lb. 
No. 2 pig iron______lb. 
Scrapiron- 2 Ib. 
Total | per cent 
Gained during melting. per cent 
Sulphur in castings... . per cent 


232 FOUNDRY WORK 


SuHreet 2 


Craraina Loc, Summary or Hat, anp Trstina Iron 
Weight of Charges in Pounds 


Number of charge Coke No. 1 pig | No. 2 pig | Scrap iron Flux 


1st or bed 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 
10th 
11th 
12th 
13th 
14th 
15th 
16th 
17th 
18th 
19th 


Summary or Hear 


Per Per 
Pounds cent Pounds cent 


No. 1 pig iron charged. . 
No. 2 pig iron charged. . 
Serap iron charged..... 
Total metal charged.... 
Iron recovered from 


Total metal melted. ... 
Good castings made in 


Iron in sprues, risers, etc. 


| 


Iron accounted for...... 
Tron lost during heat... . 
Fuel 
Coke charged........... 
Coke recovered from 


Coke burned in melting 


Melting ratio______lb. 


Iron to 1 lb. coke. 


Test or [ron 


Size of bar, 1.25 in. diameter, 15 in. long, bar tested 12 in. between supports. 
Load applied at center. Breaking load of bar_____Ib. 

Transverse strength_______lb. per square inch. Deflection ____in. 
Shrinkage: Bar 1 in. square, 12 in. long. Shrinkage ___in. per foot. 
Chill: Bar 1 in. square, 6 in. long. Depth of chi____in. 


—_ 


PROBLEMS OF FOUNDRY MANAGEMENT 233 


SHEET 3 


Cost ANALYSIS 


Purchase Prices of Materials 


No. 1 pig iron $______ per ton of 2,240 Ib. 
No. 2 pig iron $_______ per ton of 2,240 lb. 
DOTA IOI Cy gas Sechie Oeie sues oe $. per ton of 2,000 Ib. 
Ole etait near ae es a gee hee Ne $. per ton of 2,000 lb. 
PURE of aie eateries ie cares pra oie $. per ton of 2,000 Ib. 


Cost of Iron in Heat 


______Ib. No. 1 pig iron @ GLE OP POUUE Ss. Ps eres ieee hoes $. 
pes he eee eee eee $ 
_______Ib. scrap iron @. Ot DER DOUNG: 6.455085 40s ea mare rg $. 

St joe liye Sri Sane ances Wise 1 aaUIen fe ray eneis Ore megrnnn $. 


Deduct the value of iron returned as sprues, bad castings, and iron in 

dump at the price of scrap iron. 
Jp: iron returned, @ 2 __- __ 
Net cost of metal in castings........6....eeeeeese seer een e cence $. 


Cost of Melting 


______Ib. coke to melt iron @____cts. per pound.............. Ss 

Sas Seite por popmd.A ges sec pea sea ees ——— 
Wiel tar at G2 = OE MAG. Ta shia os 65,0 ea een leeee $. 

Man to make up charges at $_______ per day.............. = 

Total cost of melting.......... Bh re Fialee 4 opthe bce PMee ests , as, 

Cost of Molding, Coremaking, and Cleaning Castings 

Molders at S22) per davjaro. +s 56 pias < Sa ss $. 
Goremarerssat es + DET GAY. 5.04, 4 FSyac phe our uals 24s $ 
Laborers at $. OC ABRs og cf es os. « ER Ge te $. 
ay DS Sane on ot eee rear erk Ly ee ea $ 
Overhead:! Allow 100 per cent of labor cost for the above............. $. 
RPC Re catia te ae Sater iclo: Fie adie clea thie @ noes 4,009 dielp Sa ORE Seg eres y shes $. 


WRATGrlal Gam Usn cust Geek ces ash cle Merri cs be hs 9h uae SMES aso Ono « $. 
MBit CORD. ora x Foe end a sais Sie Age hganie < 9.9 bh mune OU RE eegane, Boye + 6 84 4%e $. 
Molding, coremaking, cleaning castings and overhead...............-. $. 

Total cost of castings made in heat.......... 000.0. seeee ess esees $ 
Goptint castings per WOU ao 651, oe ae a gis oe os ne Males ee aisle Naieacnen $. 


1 Overhead expenses include cost of power, light, water, taxes, insurance, interest, 
depreciation on buildings and equipment, repairs, office salaries, office supplies, tele- 
phone charges, supervision of labor, trucking, express, freight, miscellaneous foundry 
supplies such as sands, sea coal, graphite, clays, core binders, tools for molding and 
coremaking, and other materials. 


INSTRUCTIONS FOR WORKING PROB. 3 


Before the students begin to work the problems contained in this 
exercise, they should be required to study those parts of the book that 
contain information on computing mixtures. Some of the information 
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needed for the exercise must be collected by the students from Probs, 


land 2. Other information and certain data must be furnished by 
the teacher. 


Computing the Mixture—Sheet 1 is to be used for computing the — 
mixture in detail. The analysis of the metals and castings required 


can be put on the sheet. 

Charging Log.—The charging log on sheet 2 should be filled out, 
The number of charges to be filled in depends on the way the cupola 
was charged in Prob. 2 and the number of tons planned for in Prob. 1, 
The amounts of No. 1 pig iron, No. 2 pig iron, and scrap iron to use 
to a charge when filling out the charging log depend on the proportions 
of these irons used when computing the mixture, and this information 
can be had from the mixture sheet. The total pounds of No. 1 and 
No. 2 pig iron and scrap iron must total the amount of metal that is 
to be charged for the heat. 

Summary.—The summary should contain the amounts of the 
different metals charged, which can be obtained from the charging 
log. Information as to the amounts of metal recovered from the 
dump, good and defective castings made, iron contained in sprues, ete., 
and also the coke recovered from the dump should be furnished by 
the teacher. 

The total iron accounted for should be the iron contained in the 
dump, good and bad castings, sprues, etc. The amount of metal 
accounted for, if deducted from the total metal charged, will give the 
amount of metal lost during handling and melting. The amount of 
coke charged can be obtained from the charging log. The amount of 
coke burned during melting will be the coke recovered from the dump 
deducted from the coke charged. The melting ratio is obtained by 
dividing the total metal melted by the total coke burned during 
melting. 

Test of Iron.—Test bars should be furnished the students to obtain 
the breaking load, if a machine is available; if not, data as to the 
breaking load and deflection of the bar can be furnished. The stu- 
dents should compute the transverse strength of the iron. The 
shrinkage and chill bars can be easily furnished to the students for 
measuring for the shrinkage and chill data. 

Cost Analysis.—Sheet 3 contains the cost analysis of manufacturing 
castings. It is not the purpose to go into details of keeping cost, as 
this is usually done by bookkeepers, but to acquaint the students with 
some of the principles involved in computing the cost of castings. 

The cost of materials and the rate of labor should be furnished the 
students. The total amounts of metal, coke, and flux used in the 
heat can be obtained from the charging log. The amount of iron 
contained in the dump, defective castings, sprues, etc., may be had 
from the summary. 


uf 
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Notice to the Teacher.—The analysis of the iron in stock, the analysis 
required in the castings, the number of pounds in computing mixtures, 
and the method of computing mixtures can be changed when the forms 
are made up to suit the individual teacher. 

The data to be given students in the summary should be based on 
general foundry practice. For example, in the 6-ton foundry plan 
laid out in Prob. 1, the following data can be given as general practice: 


Good Castings MAade...c.2 <c.o28 wa sree ss als waters 8,000 Ib. 
IBS CAstInwaiInade. ns. a9 «eco a ere eal 240 Ib. 
Tron recovered from the dump.............. 480 lb. 
UTOMN). TM. SPLUOS, TISONS, KELGs<,: ss ci.s ese io, tees ecstous 2,320 Ib. 
Coke recovered from dump................. 150]b. 


Other data must be worked out by the students. 

The price of materials and the rate of labor per hour also can be 
changed to suit local conditions and nearest market price, when the 
forms are made up. 


PROBLEM 4. SHOWING IN GRAPHICAL FORM HOW THE 
PERSONNEL ORGANIZATION WILL OPERATE 


Selecting Equipment and Supplies 


The object of this exercise is to acquaint the student with the 
working organization of a foundry, and with the principles involved in 
selecting equipment and supplies needed for operation. ; 

The personnel graph should fit the organization used in the plan 
laid out in Prob. 1. The instructor can make up any form of graph 
that he wishes the students to follow and hang it up in the classroom. 

The students are then given foundry catalogues on equipment and 
are expected to study the equipment as to its use and operation. 
They are then to specify the equipment for the foundries they planned. 

After selecting the equipment, enough supplies are to be selected 
to keep the foundry going for at least a month. 

Special forms may be made up, or plain paper can be used. : It has 
been found from practice that to require the students to give the 
names of the manufacturers making or the dealers handling the equip- 
ment and supplies, the catalogue number, or figure number in the 
catalogue, usually gives the best results. 


PROBLEM 5. COMPUTING WEIGHT OF CASTING AND 
WEIGHT TO BE PLACED ON MOLD 


This problem is to give the student some practice in computing the 
weight of a casting from the drawing and the weight needed to hold 
down the cope without clamping when the mold is poured. 
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The drawing for this problem may be made by the student, or 
form may be made. The form shown in Fig. 224 can be used, 
save time. 


The student should also answer all the questions called for, as shown 
on the form. 

The information needed for working the problem can be found in 
the book under the heading Clamps and Weights. 


PROBLEM 6. DESIGNING FLASKS 


In this problem, the students are to get some practice in designing 
flasks suitable to mold such patterns as selected by the teacher. 

When designing the flask, ample allowance should be made for the 
gates and feeders, the sand needed from the bottom board to the 
pattern, from the pattern to the sides of the flask, and above the paty 
tern in the cope. 


Weight of Casting 
Pressure Exerted 


Weight of Cope While there are no hard and fast rules to follow for the thickness of | 
Weight reguired on Mold 
Fill in all dimensions sand must be allowed than in others. Just how much depends on the | 


size and shape of the casting. If more sand is used than necessary, the 
labor cost of making the mold will be too high; and if not enough is 
used, the castings are likely to burn the bottom board and flasks when 
cooling. Other troubles may appear also. 

Before the students are given this problem, they should have had HI 
some practice in molding. Then the problem can be worked in the | 
following manner: | 

1. Have the students design the flask showing side and end views | 
and top view if necessary. | 


| 
| 
sand to allow, the correct amount is important. In some jobs more . 
of Casting | 


2. They should name each part of the flask and enter the dimen- 
sions of the flask on the sketch. 

3. They are to make up a bill of materials needed to build the flask 
and give the length, width, and thickness of the materials. 

4. The students should make a cross-section of the mold showing 
how it is to be molded and gated and, if feeders are to be used, where 
they are to be set. If a core is used, it should be shown set. 


PROBLEM 7. DETERMINING CAUSES OF DEFECTIVE 
CASTINGS 


In order to give students some practice in inspecting bad castings, 
determining the reasons for the defects, and deciding how to prevent | 
them, this exercise is included. The teacher should select a group of 
defective castings, with each defect, if possible, resulting from a | 
different cause. The number of castings to be used for the exercise 
must be decided by each teacher. 


Show on drawing names of a// parts of mold /ettered 


Answer the following questions. Letter answers 
-reatly on a separate sheet 


. What is Ay Briefly indicate rs function 
. What is"B” ? Why are they used ? What is the proper spacing How high| 
above the horizonta/surfaces of the pattern should they be? 
What is "C “? Brietly indicate its function and how + accomplishes 

14s purpose. : 
What is"? What 1s ther purpose i the mold ? 
Why are the handles and pins on the same side of the flask ? 


Fig, 224.—Pattern and mold. 


QAR GW NN 


The dimensions of the casting and flask should be worked out by The students should be required to examine the group and then ! 
the teacher. It is well to give different dimensions to each student, : : asti | 
Th deat: 5 ’ i . give written reports as to the cause of each defect of each casting and 
e student’s problem is to find the weight of the casting, the how to prevent it 
amount of pressure exerted against the cope, the weight of the cope, A form for the exercise can be drawn up by the students from a 
and the amount of weight to be placed on the mold before it is poured. sample made by the teacher. Statements made by the students 


Ee | 
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as to the causes of defects and how to prevent them should be mad 
as short as possible. 


PROBLEM 8. COMPARING DIFFERENT METHODS 
OF MOLDING 


Managers must determine the best method of molding a ce 
number of castings from a pattern and what equipment should he 


Form ror Prostem 8. Comparina Dirrerent Meruops or 
Mo.pina 


Names = ss Datehepnne= == * <1 Date, finished__a 


Instructions 


Find the cost of making 
indicated: 


castings by each of the methad 


DerERMINE THE Mo.piIne Time 


ee ee ae 


Number of rt 
Method of molding molds hin 
time 
made 
By hand, cutting partings......... : hour min. 
By hand, using follow board......... hour min. 
By hand, with match plate.......... hour min. 
By machine, using match plate....... hour min. 


a 


Cost or Marertaus AND LABOR 
Patterns furnished.....::......... 


Cost of making follow board....... $10 
Cost of making match plate. ...... 25 
COsiOMIACHINONe bate... ck os kak 125 


0.02 per pound 
bpanttaretets sis ng ate eee 0.60 per hour 


Weight of castings................ 


Depreciation on machine 10 per cent annually 


Cost or Maxine Castinas 
a ee 


Method of molding Labor Material 


Equipment 


By hand, cutting partings...... 
By hand, using follow board.... 
By hand, with match plate... .. 
By machine, using match plate. . 


—_—_—_—_—_—_—_—_—_—OOOO 


Total ‘ 
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used for the job. Both the method and the equipment depend greatly 
on the size and shape of the casting and the number of castings to 
be made. 

Usually, when only a few molds are to be made, it does not pay to 
make follow boards or match plates or make use of a machine. When 
a large number of castings are to be made, it does pay to use such 
equipment. 

Men with a great deal of experience can judge pretty well the best 
method to follow in molding and the kind of equipment to use for the 
job, but men with very little or no experience will find it quite difficult. 
In order to give students some training in the comparison of methods, 
this problem was prepared and has been used very often with good 
results. 

The problem is handled as follows: The students are given a form, 
such as shown on page 238, containing a place for the name, the date 
of beginning, and the date of finishing the job. The number of 
castings should be placed on the sheet by the instructor. The 
methods of molding are given. 

To determine the best method to adopt for the number of castings 
to be made, the students should be required to make three molds by 
each of the methods, recording the time for each casting and the 
average time by each method. 

Statements concerning the cost of equipment and materials and 
the labor rate may be given to the students. 

After knowing the time required in molding by each of the different 
methods, the students can then estimate what the cost would be to 
make the number of castings by each method. 

When all data are completed from the operation sheet, the students 
can be required to plot curves showing what it would cost to make the 
castings by each method. ; 


CHAPTER XX 


INSPECTION OF CASTINGS—DEFECTIVE CASTINGS > 
AND CAUSES OF DEFECTS 


The degree of care required in the inspection of castingy 
depends upon the uses for which the castings are made 
Most foundries inspect for external defects only, that is, 
no noticeable imperfections are present, the castings are 
considered good. Some castings have hidden or internal 
defects that become visible only when the castings are 
machined. Frequently, however, these concealed defects 
will never be discovered until the casting is scrapped and 
broken up to be remelted, having given satisfactory service 
meanwhile. On the other hand, castings may be so 
weakened by concealed defects that they are likely to break 
while in use; so, if life or safety depend upon their sound- 
ness, ordinary prudence dictates that they be given the 
most careful inspection. Depending on the inspection for 
external imperfections, or machining away the defective 
portion, is not sufficient. In such cases the inspections are 
often made by using an X-ray machine. 

Some common defects in castings, their causes and means 
of prevention, are discussed in this chapter. 


c 


CAUSES OF DEFECTIVE CASTINGS 


Blowholes.—Blowholes in castings are very common and 
result from many different causes, as follows: 
1. Using a molding sand that is too fine for the size 
casting being made. 
2. Having the sand too damp when making the mold, 
3. Ramming the mold too hard. 
240 
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4. Not venting the mold in the proper place. 

5. Placing too hard dry-sand cores in the mold. 

6. Using dry-sand cores that are not thoroughly baked 
on the inside. . 

7. Too small or incorrectly placed vent channels in the 
cores, or in the mold, through which core gases may 
escape freely when the mold is poured. 

8. Too much clay wash on gaggers, and not enough 
sand between the pattern and gaggers. 

9. Using either damp or rusty chaplets to hold cores in 
place. 

10. Pouring the metal against a chill that is either damp 
or rusty. 

Cold Shuts or Misruns.—Misrunning castings results 
from the following: 

1. Pouring too cold metal into the mold. 

2. Using either too few or too small gates. 

3. Pouring metal into the mold too slowly. 

Cracked Castings.—Some castings are likely to crack 
while cooling in the mold, and others after they come from 
the molds, owing usually to the following causes: 


1. Poorly designed castings, that is, those having too 


light and too heavy sections. 

2. Allowing the light section of a casting to cool before 
the heavy section. ' 

3. Cracks in castings can be prevented by removing 
sand from the heavy section but allowing it to remain on 
the light section until the casting is cold. 

Crushed Castings.—These are often caused by the 
following: 

1. If the sand in the cope does not fit the sand in the 
drag, when the mold is closed it may cause a crushed 
casting. 

2. If a dry-sand core that is too large for the core prints 
is placed in a mold, it will cause a crushed casting. 

3. If a mold is clamped too hard, it can cause a crushed 
casting. 
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Dirty Castings.—Some foundries seem to have mu 
trouble in keeping the castings free from dirt, wher 
others experience little trouble in this respect. Before 
mold is made, the molder should always study the job a 
decide the form of gate necessary to use to make t 
casting clean. Dirty castings come from different cau 
and some of the common ones are as follows: 

1. Not skimming back dirt that floats on top of met 
before or while pouring. 

_ 2. Gates made so large that they cannot be kept full of 
metal while pouring, which allows the dirt to flow into the 
mold. 

3. Not pouring the metal into the mold fast enough to 
choke the gates up, thereby allowing the dirt to run 
into the mold. 

4, Leaving loose sand in the mold or too much loose 
facing on the mold. 

5. Having too much graphitic carbon in the casting. 

6. Sand washing when the mold is poured. 


% 


7. Metal boiling in the ladle when the mold is poured 


will also make dirty castings. 

Hard Castings.—Some gray iron castings are too hard 
to be machined, whereas others machine easily. Some 
causes of hard castings are as follows: 

1. Cooling small gray iron castings too fast will make 
them hard. 

2. Having molding sand too wet may also make small 
gray iron castings too hard. 

3. Using iron too low in silicon. 

4. Using iron too high in sulphur or manganese. 

5. Metal boiling in the ladle when the mold is poured 
is likely to make the casting hard. 

Porosity.—Porosity in castings is usually found on the 
inside of the heavy sections and is caused by metal being 
drawn from the heavy sections while the light sections are 
solidifying. In some cases feeders on castings help 
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prevent porosity, but in other cases are not much help. 
Some causes of porosity are as follows: 

1. Poor design as to metal thickness in the castings. 

2. Having metal too hot when pouring the mold. 

3. In gray iron castings, using metal too high in silicon 
or phosphorus. 

Rough Castings.—The surfaces of some castings can be 
rough without disqualifying them, whereas others should 
be very smooth. Castings that are to be used as they 
come from the foundry, without any other kind of finish, 
should have smooth surfaces; but as a rule castings need not 
be smooth if they are to be used underground and covered 
or if they are to be machined. ‘There are different causes 
for rough castings, some of them as follows: 

1. Making the mold from a sand that is too coarse. 

2. Having the molding sand too damp when making the 
mold. 

3. Pouring metal into molds that are rammed too soft. 

Shifts.—Frequently castings have shifts that disqualify 
them for use. Most shifts, however, can be prevented 
easily if the molder pays close attention to the following: 

1. Pins on flasks should fit the guides when the mold is 
made. They should be neither loose nor tight. 

2. The cope should be put back on the drag without 
turning the cope around, while closing the mold. 

3. When a snap-flask mold, with the flask removed, is 
carried from the molding bench to the floor, the mold 
should be kept level, because the cope may slip on the 
drag, causing a shift in the casting. 

4. When split patterns are used, the dowel pins should 
fit in the dowel pin holes. 

5. Slip jackets put over snap-flask molds in a careless 
manner also cause shifts. 

Shrinkholes.—Small and thin castings are generally 
free from shrinkholes, but large castings are likely to have 
them. Some shrinkholées are on the outside of the casting 
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where they can easily be seen, but others are on the inside 
and never detected until the casting is machined. Usually 
shrinkholes are found in the heavy parts of a casting; so 
when the mold is made, provision should be made to pre= 
vent them. The common causes for shrinkholes in cast 
ings are as follows: 

1. Metal too hot when the mold is poured. 

2. Using feeders that are too small, or placing them in 
wrong position on the casting. 

3. Solidification occurring in the light section of a casting 
before it does in the heavy section. 

Swelled Castings.—Some castings, when they come from 
the molds, are larger than they should be. Others have 
lumps on them. Some reasons for swelled castings are 
as follows: 

_ 1. A mold rammed too soft will not hold its shape when 

being poured, and the castings made from these are apt to 
be larger than they should be. These castings are called 
swelled or strained. 

2. Soft places in a mold will cause lumps on the casting. 

3. Pouring a mold too fast often causes a strain on the 
mold, and this is also likely to cause larger castings. 


QUESTIONS 


. How are castings inspected for defects? 

.. What causes blowholes in castings? 

What causes cold shuts or misruns in castings? 
Give some reasons why eastings crack. 

What causes castings to be crushed? 

Give some reasons for dirt in castings. 

What causes rough surfaces on castings? 

Give some reasons for shifts in castings. 

. How can shrinkholes in castings be prevented? 
10. Give some reasons for hard castings. 

11. What causes porosity in castings? 

12. What is meant by swelled castings? 

13, What are the causes of swelled castings? 


yO: FR OU ER OO ESTES 


a. 
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CHAPTER XXI 
SAFETY IN FOUNDRIES 


Foundry work is more or less dangerous, especially if 
any carelessness develops among the workmen. There are 
many safety devices used, and these prevent many acci- 
dents, either minor or serious, but, unless the human 
supervision is constant and thorough, accidents will happen 
in spite of all such devices. In making molds or cores 
there is very little danger; but operating furnaces, pouring 


Fic. 225.—Safety goggles. 


molds, and cleaning castings are: considered the most 
hazardous jobs. 

Observing the following precautions will help prevent 
many accidents in foundries: 

1. When a man enters a cupola, a screen should be placed 
on the inside of the cupola at the charging door to protect 
him while he is doing the work below the charging door. 
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2. While chipping slag deposits from the cupola lining, 
the operator should wear safety goggles to protect his eyes, 
as shown in Fig. 225. : 
3. Chipping out a cupola is a very dusty job, and a | 
respirator, as shown in Fig. 226, should be used to cover 
the nose and mouth to prevent the operator from inhaling 
the dust. 


f 

* 

Fia. 226.—Respirator. hy 

TAPPING FURNACE AND HANDLING MOLTEN METAL ’ 
Pouring the molds seems to be more hazardous than any 


other part of foundry work. Many accidents connected 
with this operation can be prevented if the following pre= 
cautions are taken: 

1. The floor of the molding room should be dry while 
pouring molds. ' 
2. Pig troughs in which leftover molten metal is poured 

should be dry and free from rust. 

3. Ladle lining should be dry, so that the metal in the 
ladle will not boil. If the metal boils, do not carry the 
ladle. 7 

4. Tapping-bars and skimmers should be dry and free 
from rust. 

5. Sand under the cupola should be dry when the 
bottom is dropped, and all persons should be kept at a sal@ 
distance from the cupola during this operation. 
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6. While pouring is going on, eye and face shields, as 
shown in Fig. 227, should be worn, with the shields which 
cover the eyes and face pulled down. 

7. Leggings, as shown in Fig. 228, should also be worn 
during pouring. 

8. Molders’ shoes, as shown in Fig. 229, are used in 
many foundries while pouring and while breaking up molds 
after pouring. 


Fia. 229.— Molders’ shoes. 


9. Gloves should not be worn while i 

should be used when breaking up aera “_— 

10. If clothing happens to catch fire, do not drop the 
ladle; first set it down on the floor, then smother the fire. 

11. Never walk backward when carrying ladles with 
molten metal, but face in the direction you are going. 

12. Never change hands on shank when carrying ladles 
of molten metal; to do so is dangerous. 


CLEANING AND GRINDING CASTINGS 


The following precautions should be observed: 
1. Wearing gloves while handling and cleaning castings 
saves many cuts and scratches. 
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2. When chipping or grinding castings, the operator 
should protect his eyes with either a face shield, as shown 
in Fig. 227, or safety glasses, as shown in Fig. 225. 

3. When removing castings from tumbling mills, gloves 
will protect the hands; when grinding castings, however, 
wearing gloves is more or less dangerous. 

4. All tumbling mills, grinders, and sandblast equipment 
should be hooked up with an air exhaust system. 

5. All moving parts of machinery should be well guarded. 


QUESTIONS 


1. How should a man be protected while he is repairing the cupola? 

2. What precaution should be taken when tapping the furnace and 
handling molten metals? 

3. What precaution should be observed when cleaning and grinding 
castings? 

4, Why should leggings be worn while pouring? 

5. Why should a respirator be worn while chipping out a cupola? 

6. What is the reason for placing a wire screen on the inside of the 
cupola at the charging door while the cupola is being chipped out? 

7. If the clothing catches fire while pouring, what should be done 
with the ladle? 
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GLOSSARY OF FOUNDRY TERMS 


Airdried.—Refers to a core that has dried or partially dried in the 
air before being baked in an oven. 

Air furnace.—A furnace for melting iron for malleable-iron castings. 

Alloys.—A combination of metals melted together. 

Anchor.—Appliance used to hold cores in place in molds. 

Annealing.—The softening of metals by heat. 

Arbor.—A bar or mandrel on which a core is built up. 

Bars.—Ribs placed across the cope of a flask. 

Bed charge.—The first coke charged into the cupola. 

Bedding in.—Sinking a pattern into the sand. 

Bellows.—A tool used to blow loose sand from the mold. 

Bench molding.— Making molds on the bench. 

Binder.— Material used to hold sand together. 

Blast.—A current of air blown into the cupola by blower or fan. 

Blowhole.—Hole in the casting caused by trapped air or gas. 

Bott.—The chunk of clay stuck on the end of a stopping bar and used 
to stop the flow of metal from the cupola. 

Bottom board.—The board that the mold rests on. 

Breast.—The clay put into the opening, above the spout of the cupola, 
to form the tap hole. 

Butt-ramming.—Ramming with the large, round end of the rammer. 

Bull ladle —A two-man ladle used for carrying and pouring metal. 

Casting.—The metal shape that is obtained as a result of pouring 
metal into a mold. 

Chaplet.—A metal support used to hold a core in place in a mold. 

Cheek.—The portion of a flask placed between the cope and drag. 

Chill.—Iron placed against the pattern to make a hard surface on the 
casting. 

Chilled casting.—A casting that was cooled very rapidly. 

Chuck.—A small bar set between cross-bars to secure sand in the cope. 

Churning.—Feeding molten metal into a casting with an iron rod 
when the metal is solidifying. 

Cinder bed.—A layer of cinders or coke placed beneath a mold. 

Clamping bar.—A bar used to clamp molds. 

251 


™ 


252 FOUNDRY WORK 


Clay wash.—Clay thinned with water and used asa coating for gaggers 
and the inside of flasks. 

Cold shut.—The junction where two streams of metal run together 
and do not fuse. 

Contraction.— Decrease in size of casting due to cooling. 

Cope.—The upper part of a flask or mold. 

Core.—A body of sand used to form holes or openings through 
castings. 

Core box.—A box in which a core is formed. 

Core oven.—An oven in which cores are baked. 

Core plate.—An iron plate used to hold the core after it is made. 

Core drier.—A form which holds the core in shape while it is baking, 

Core print.—A projection on a pattern which forms in the sand an 
impression used in locating a core and in holding it in place when 
the mold is poured. 

Core wash.—A blackening mixture with which cores are painted. 

Crushing.—The pushing out of shape of core or mold, when two parts 
of the mold that do not fit properly meet. 

Cupola.—A furnace used for melting iron. 

Daubing.—Filling cracks in cores or plastering a cupola after the heat, 

Draft.—The taper given to a pattern to enable it to be drawn from 
the sand. 

Drag.—The bottom part of a flask or mold. 

Draw peg.—A wooden peg used for drawing patterns. 

Draw plate.—A plate put into the pattern to be used for drawing the 
pattern from the sand. 

Dropout.—The falling away of sand from the cope when the mold is 
closed. 

Dry-sand mold.—A mold made while the sand is damp but baked in 
an oven before it is poured. 

Dull iron.—Iron not so hot as it should be for best pouring. 

Facing.—A material put next to the pattern when making a mold. 

sine cheek.—A cheek used in making a three-part mold in a two-part 

ask. 

Feeding.—Pouring metal into the feeder while the casting is solidifying, 

Fin.— Metal on a casting that has run into an imperfect joint in the 
mold. 

Floor molding—Making molds on the foundry floor. 

Flow-off gate.—An opening through which the metal flows after the 
mold is filled. 

Flux.—A fusible material, such as limestone, charged into the cupola 
to assist in purifying the molten metal and to thin the slag. 
Follow board.—A board in which the pattern lies to the parting line, 

Frozen iron.—Iron which has solidified. 
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Gaggers.— Metal supports especially made to reinforce the sand in 
the cope. 

Green core.—A core that has not been baked. 

Green sand.—Sand that is in a damp state. 

Green ladle.—A ladle with a lining that is not dry. 

Green-sand core.—A core made of green sand. 

Hand ladle.—A small ladle carried by one man. 

Heat.—The melting time of the metal in the cupola. 

Hot metal.—Metal hot enough to flow easily. 

Jarring machine.—A molding machine that packs the sand by jarring. 

Joint.—The part of the mold where the cope and cheek, cope and 
drag, or cheek and drag come together. 

Loam.—A mixture of sand and clay used in loam molding. 

Loam mold.—A mold built up of brick, covered with a loam mud, and 
then baked before being poured. 

Malleable casting.—A casting made of white iron and then heat, 
treated or annealed. 

Match plate.—A plate to which the patterns are fastened at the parting 
line. 

Melting zone.—The portion of the cupola above the tuyeres, where 
most of the metal melts. 

Molding board.—The board on which the pattern is placed when 
beginning the mold. 

New sand.—Sand that has not been used for molding. 

Old sand.—Common heap sand that has been used for molding. 

Peeling.—The ready dropping away of sand from the casting. 

Peen-ramming.—Ramming with the wedge end of the rammer. 

Pit molding.— Making molds in pits in the foundry floor. 

Pouring basin.—A basin in the cope into which the metal is poured 
and from which it runs into the mold. 

Rapping.—Jarring the pattern to loosen it before drawing it from 
the sand. 

Riddle.—A sieve used for sifting sand. 

Riser.—An opening in the cope into which the metal rises when the 
mold is filled; also, that part of the casting formed in the opening. 

Runner box.—A frame placed on the cope for making the pour- 
ing basin. 

Scabs.—Rough surfaces on castings due to portions of the surface 
of the mold giving away. 

Sea coal.—A bituminous coal finely ground. 

Set-off box.—A box used to set the cope on when it is lifted from the 
drag. 

Shot iron.—Small pieces of iron obtained from the cupola dump. 

Skim gate.—A gate so arranged as to skim any impurities from the 
surface of the metal when the mold is poured. 
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Skimmer.—A piece of iron used to prevent the dirt floating on top of 
the metal from entering the mold. 
Skin drying.— Drying the surface of a green-sand mold. 
Slag.—A material run out of the cupola through the slag hole. 
Slag hole.—A hole in the back of the cupola through which the slag 
is drawn. 
Slip jacket.—A frame to place around a snap-flask mold after the 
flask is removed. 
Snap flask.—A hinged flask that is removed from the mold after the 
mold is made. 
Soldiers.—Wooden blocks or sticks used to reinforce bodies of sand 
in the cope. 
Spongy castings.—Castings in which the iron is very open grained. 
Spout.—A trough through which the metal flows from the cupola to 
the ladle. 
Sprue hole.—The opening through which the metal is poured into 
the cope to run the casting. 
Swab.—A sponge or piece of waste used to wet the sand around the 
pattern before drawing it from the sand. 
Sweep work.— Molds made of pieces of patterns and sweeps instead of 
patterns. 
Tap hole.—The opening in the furnace through which the metal is 
drawn from the furnace. 
Tuyeres.—The openings in the cupola through which the air passes 
from the windbox into the cupola. 
Upset.—A frame used to deepen either the cope or drag. 
Vent.—A small opening made in the mold for the escape of gases when 
the mold is poured. 
Weak sand.—Sand that will not hold together when the mold is made. 
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TABLES 


Taste V.—Mettinc Port, Speciric Gravity, WEIGHT, AND 
Tensite StRENcTH or METALS 


Tensile 
strength, 
pound 
per 
square 
inch 


Melting 
point, 
Name degrees 
Fahren- 
heit 


Weight | Weight 
per per 
cubic | cubic 
inch, | foot, 
pounds | pounds 


Specific 
gravity 


Alena TE iy rte oe orm ts 1,300 2.6 23 ,000 
Aluminum bronze....... 1,700 | 7.56 ; 80,000 
Brass (common)........ 1,800 | 8.3 | 0. 24 ,000 
Bronzece tata soca,» 1,900 | 8.4 | 0. 32 ,000 
QOPpeenr as ele sins. sts ots 2,000 8.6 0.¢ 24 ,000 
Wownlotals..2.n050 00085 1,120 1g Bin Ors 26 ,000 
Gray cast iron.......... 2200.) 025 eOs 20 ,000 
Teatieee teeta nsiaitiys «cies 620 | 11.3 | 0. 1,800 
Malleable iron.......... 2, 1000) ota2) 420: 64,000 
Manganese bronze 2,000'| 8.4 1.0: 57 ,000 
Phosphor bronze........ 2,000 |} 8.4 | 0. 40 ,000 
menralOp hc ns ctilates Stereo 2-800) “729° | 0. 70 ,000 
UTS i deere ae eR SUZ) | Ww .8: 4| 0. 4,600 
VCO ie Cea ern eer 775 | 6.86 | 0.25 2,900 


Taste VI.—SuHRINKAGE OF CasTINGS 


Inches Inches 
per foot per foot 
Be)! ee eee eee eS 


Sand, river (loaded in Gravel, coarse (loaded 


WAZOM) Memes er, wees: 21 It WARGO) susie. os 6 = 23 
Sand, pit (loaded in Clay, stiff (loaded in 
WrawOUeetisch ste s.< ta cet ey WACOM eae ass. sores? 28 


ea ea ee 
One cubic yard of sand weighs about 3,000 lb. 
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. : 
TaBLe VIII.—Weicut or Casting DETERMINED FROM WEIGHT oF 
PATTERN 


Will weigh when cast in 


A pattern weighing 1 Ib., | Alumi- 
made of n 


Mahogany, Nassau....... 10 12.8 1222 
Mahogany, Honduras. .. , 12. 15:3 14.6 
Mahogany, Spanish...... oe , 7 
Dine treat): aeons ca ce ‘ ; 2 
SAR RS crore (64.0 0 
aaetenY ae POR 0 


é hee heog table gives the dimensions, inside the lining, of ladles 
rom . to 16 tons capacity.. All ladl 
epee cine y adles are supposed to have 


TaBLe [X.—Drmenstons or Founpry LADLES 


f1e,|e128 [8 fa | s 

= ee ee A= S 2 ~M ao em FE 
ae/a2/eel g2/82| 22] 22 | 22] 22 

SOF /AFIAS| Ss As Aa ae A As 

SPAR S16" aa] Mal Salas! ae 
16 54 56 3 31 32 300 114 114% 
14 52 53 2 27 28 250 1034 11 
12 49 0 14g | 241 | 25 200 | 10 104% 
10 46 48 1 22 22 150 9 914 
8 43 44 34 | 20 20 100 8 84 
6 39 40 4117 17 75 7 74 
4 34 35 4 | 1384 | 184 50 6% 6144 


1 American Machinist, 
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FOUNDRY BOOKS 
FOR GENERAL READING 


Ber, Roser E.: “Foundry Cost Accounting,” Penton Publishing 


Co., Cleveland. 
Carman, Epwin §.: ‘Foundry Molding Machines,” Penton Publish- 


ing Co., Cleveland. 
: “Cast Metals Handbook,” 1940 Ed., American Foundrymen’s 


Association, Chicago. 
Haw, Joun Hown: “The Steel Foundry,” McGraw-Hill Book Com- 


pany, Inc., New York. 
Moupenke, Ricwarp: “The Principles of Iron Founding,’”” MeGraw- 


Hill Book Company, Inc., New York. 
Parmmr, R. H.: “Foundry Practice,” John Wiley & Sons, Inc., New 


York. 
Scuwarrz, H. A.: ‘American Malleable Cast Iron,” Penton Publish- 


ing Co., Cleveland. 
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INDEX 


A 


Alloy, gray iron, 4 
steel, 7 
Alloying elements, 
197-198 
molybdenum, 198 
nickel, 197 
non-ferrous metals, 220-224 


B 
Blowers and fans, 174-175 
C 


Casting design, 125-126 

Chaplets, 43-44 

Churning castings, 57-58 

Cinder mill, 185 

Clamps for molds, 22 

Cleaning castings, 189-190 

Cleaning room, 14 

Core room, 12 

Cross-bars, 41-42 

Cupola, construction of, 165 
firebrick for, 170 
lining the, 170-171 
linings for, 169 


Cupola, operation of, breast in, 


chromium, 


179 
charges for, 181-182 
chipping lining of, 186 
coke charges for, 180 
dropping bottom of, 184 
iron charges for, 181 
kindling for, 179 
lighting up, 181 
material for bottom of, 177 
melting zone of, 186 
repairing lining of, 187 
spout for, 179 
tap hole in, 179 
tapping and stopping of, 
182-183 


D 


Defective castings, blowholes in, 


melting capacity of, 165-167 


room, 13 

slag holes in, 169 

tuyere peep holes for, 169 

tuyeres for, 167-169 
operation of, blast for, 182 

bottom in, 177-179 

bottom door, 177 


240-241 
cold shuts or misruns, 241 
cracked, 241 
crushed, 241 
dirty, 242 
hard, 242 
porosity in, 242-248 
rough, 243 
shifts in, 243 
shrinkholes in, 243-244 
swelled, 244 


Dry-sand cores, arbors for, 152 
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baking temperature for, 156 
benches for making, 154 
binders for, 146 

boxes for making, 149 
daubing joints of, 154 
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Dry-sand cores, lifting hooks for, 
153 
machines for making, 156-158 
machines for mixing sands for, 
148-149 
mixing sand for, 150 
mixture for, 146-147 
nature of, 145 
ovens for baking, 155-156 
pasting, 153 
plates for, 149-150 
ramming, 150-151 
rods for, 152 
sweeps for, 149 
venting, 151 


E 


Exercises in bench molding: 63 
1. Face plate, 64-68 
2. Hexagonal nut, 68-70 
3. Ball handle, 70-71 
4. Oil-drip cup, 71-73 
5. Flanged elbow, 73-74 
6. Pulley, 74-76 
7. Governor pulley, 70-78 
8. Sheave wheel, 78-80 
9. Bevel gear, 80-81 
10. Pattern embedded, 81-82 
11. Thinning a plate, 82-84 
12. Pulley, making casting dif- 
ferent than pattern, 84-85 
13. Cone-pulley chuck, 85-87 
14. Thickening a plate, 87-88 
15. Straight tooth gear, 88-89 
16. Cup, saucer, and spoon, 89- 
92 
Exercises in dry-sand coremak- 
ing: 
Round core, 159 
. Cone pulley, 159-160 
. Lathe bed, 160-161 
. Machine base, 161 
. Pattern used for core box, 
161-162 
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Exercises in floor molding: 


17. Cone pulley, 93-96 

18. Gas-engine flywheel, 96-97 

19. Lathe bed, 97-99 

20. Steam engine piston, 99- 
102 

21. Machine base, 102-104 

22. Sugar kettle, 104-106 

23. Lifting dry-sand core from 
pattern, 106-107 

24. Open-sand mold, 107-109 

25. Sweep molding, 109-111 

26. Pit mold, 111-112 

27. Gas-engine cylinder, 112- 
114 
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Facing for mold, 35 
Feeding castings, 54-57 
Fillets, 126 
Flasks, aluminum, bench, 20 

pins for, 19 

sockets for, 19 

snap, 16 

slip, 16 

slip jackets for, 11 

steel, bench, 19 

floor, 20 

weight for, 23-24 

wood, floor, 18 
Floor plan of foundry, 10 
Fluxes, cupola, 199 

ladle, 200-201 
Follow board, 118-120 
Foundry products, 3 
Fuels for melting metals, 198-199 


G 


Gaggers, 40-41 

Gated metal patterns, 118 
Gating molds, 49-54 

Glossary of foundry terms, 253 
Gray iron, common, 3 
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Gray iron, mixing, 202-206 
Grinding castings, 191 


L 


Ladles, 172-174 
Lifting hooks, 19 
Loose patterns, 117 


M 


Making partings, 39 
Malleable iron, 5 
Match plates, 120-124 
how molded, 122-124 
Mixing gray irons, by analysis, 
203-206 
’ by fracture, 202 
Molders’ tools, 29 
Molding benches, 63-64 
Molding machines, air-power, 
squeezer, 129-130 
hand-power squeezer, 128-129 
jolt, or jarring, 133-134 
roll-over, 136-137 
mass production, 1389-142 
roll-over, 132-133 
sand-slinger, 137-138 
stripping plate, 131-132 
roll-over, 134-135 
Molding room, 11-13 
Molding sands, brass, 213 
Molding tools, 26-27 
Molds, dry-sand, 25 
green-sand, 25 
loam, 26 
skin-dried, 25 


R 


Ramming sand to make molds, 33 
Rappers to make molds on 

machine, 130 
Remelting irons, 196 

changes, in carbon, 197 

in manganese, 197 

in phosphorus, 197 

in silicon, 197 

in sulphur, 197 
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Safety in foundries, 245 

face shield, 247 

goggles, 245 

leggings, 247 

respirator, 246 

shoes, 248 
Sand-cutting machine, 127-128 
Shrinkage in castings, 54-57, 255 
Sifting machines, 128 
Steel castings, 7 
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Testing gray iron, 206 
flexure, 208 
hardness, 209 
shrinkage, 208 
test bars, 207 
testing machine, 207 
transverse, 207 


W 


Weights of castings from pat- 
terns, 256 


